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PREFACE TO THE SECOND EDITION 


In the preparation of this second edition,, every effort has been 
made to bring up to date the information concerning wages and 
prices- This information is approximate only. Construction 
wages in 1946 were considerably higher than in 1939 and are 
stiU increasing. !Mataiials are very uncertain with respect to 
kinds available, quality, quantities,, and prices. Increases in 
prices may be expected. 

^vlore than half of the diagrams have been redrawn and most of 
the illustrative estimates have been revised in order to include 
the upward revisions in wages and prices. 


ilASSOX. TVis.,. 
3i'cn^,,T&47-' 


H. E. Pttltek. 



PREFACE TO THE FIRST EDITION 

This book has been Trritten primaril\’ for practical men who wish 
to study methods of estimating construction costs. The methods 
^ven in this book have been developed bj' the author as a result 
of several years of teaching estimating construction costs to 
himdreds of men residing in nearly every state of this cormtrv*. 
!Many illustrative estimates have been included so that the 
application of these methods may be thoroughlj* understood. 

In this book, attention is called to variations in the time 
required by different men to do certain work as well as to varia- 
tions in hourly wages. 

The time in hours required to do a certain amount of work is 
emphasized instead of the amoimt of work done per hour. This 
permits the use of multiplication instead of division, and tends to 
reduce the number of mathematical errors. The author has 
foimd that men make fewer mistakes in multiplication than in 
di\'ision. 

The information given in regard to prices of materials is 
approximate only. This information is included so that the 
reader or student may have some general information in regard 
to prices prevailing in 1939 when the te-xt was written. 

ZVIany tables have been included. Ivlost of the tables relating 
to labor give both the time in hours required to do work and the 
amount of work done per horu. 

!Many diagrams have been prepared and included so that the 
preparation and use of simple diagrams for estimating purposes 
may be imderstood. Practically all the diagrams are straight- 
line diagrams. Such diagrams are easy to construct and to use. 

Every effort has been made to make the tables and diagrams 
comprehensive, accurate, and useful. The author would 
appreciate receiving notice of any errors in these tables and 
diagrams. 

H. E. PtmvEE. 

ilABISOX, Wis., 

January, 1940. 
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CONSTRUCTION ESTIMATES 
AND COSTS 


Estimating of construction work may be defined as the process 
of calculating the quantities and costs of the various items enter- 
ing into the work. 

As the estimate is made before the work is done, the estimated 
cost is only the probable cost and is never the actual cost. The 
agreement of the estimated cost with the actual cost will depend 
upon the skdi and judgment of the estimator. Skill implies the 
accurate use of good estimating methods, and judgment implies 
the correct visualization of the work as it wiU be done. 

CHAPTER I 

ESTIMATING IN GENERAL 

1. Ends of Estimates. — ^.An estimate of the cost of a construc- 
tion job is the probable cost of that job as computed from the 
plans and specifications. There are several kinds of estimates. 
Some of the ones more commonly used are the following: 

A detailed estimate is one which includes the quantities and 
costs of eveiy*thing that a contractor is required to pro\'ide and 
do for the satisfactory completion of the work. A detailed 
estimate is the best and most reliable form of estimate that can 
be made. There are two ways of making a detailed estimate. 

In the unit-quaniitv method, all the costs of a tmit quantify 
of the item considered are found and summarized. Then the 
total cost for the item is found by multiplying the cost per unit 
quantity by the number of imits. For example, on a simple 
concrete job. the total cost of 1 cu. yd. of concrete would be 
first found and then this unit cost multiplied by the number of 
cubic yards in the job in order to obtain the total estimate. 
This method presents the information in such a way that unit 
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co?ts on various jobs may be readH:.* compared and also that tbe 
total estimate can be easily corrected for variations in quantities. 

In the ioicl-quaviiiy method, the total quantities of each Mnd 
or class of material and labor needed are first found, then these 
quantities are multiplied by their indi'ddual costs, and the results 
summed up. For example, on a simple concrete job, the costs of 
aU the materials, all the labor, aU the plant, etc., vould be found 
separatebv’ and then added to obtain the total estimate. 

An apjjroxim<ii-c or ihorl^cvJ estimate is an approximate or 
rough estimate made to obtain an approximate cost in a short 
time, or to check roughh' the costs found by more accurate 
methods. Such an estimate is not vert’’ reliable. Examples are 
the square-foot and cubic-foot methods of estimating building 
costs. 

A com-pM^ estimate is one tbat includes all costs relating to 
the vrork in addition to those included in the main contract and 
.subcontracts. For example, a complete estimate of a large 
office building 'vould include the foUorring items: land, legal 
fees, architect’s fees, main contract, .subcontracts, e.xtras, financ- 
ing, interest, insurance, and taxes during construction. 

A quaniiiy survey, sometimes called a quaniiiy estimate or 
materials iake-off, is a complete e.stimate of the quantities of all 
the materials required. In some localities, a ^‘'quantin* .sur- 
veyor” prepares a list of materials for any ffiven building, and all 
the contractors use this list vhen preparing their bid.s. The 
contractors make their orm estimates for material prices, labor, 
plant, overhead, and profit, 

A cordradoT s estimate is made bj* the contractor for deter- 
mining the price or prices to be bid. It is usually a carefulh* 
prepared detailed estimate. 

.\n archiicd's or engineers estimate is one made by the archi- 
tect or engineer usualh* for the purposes of financing the vrork 
and for checking bids made by contractors. 

Progress estimates are estimates made fby the engineer) at 
periodic internals during the progress of the vork for deter- 
mining the amounts of partial payments to be made to the con- 
tractor. On large contracts, such estimates are commonly made 
each month and. hence, are frequenth* called monihly estimate^, 
rsually 10 to 15 per cent of tbe amount due the contractor at any 
payment is retained to ensure tbe satisfactory* completion of tbe 
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cia% in regard to quantities and prices of materials; labor con- 
ditions, -R-ork, and ^vages; rreatber and job conditions; plant 
costs; delays and their causes; and conditions relating to overhead 
costs. The data collected should be arranged in an orderh' 
manner and convenient^* filed for reference. 

4. Tables and Diagrams. — ^Nearly all estimators use tables and 
diagrams to simplif 5 ’' their work. Some estimators like tables; 
others like diagrams; and others like both tables and diagrams. 
The use of both tables and diagrams should be learned, as avail- 
able cost data may be in either tabular or diagrammatic form. 
Almost an 3 * set of data maj* be expressed either in the form of a 
table or in the form of a diagram. Interpolations of values are 
often made more easily* on diagrams than in tables. The selec- 
tion of tables or diagrams to be used as an aid in estimating is a 
question for each mdi\'idual estimator to decide for himself 
after he has studied both. Both tables and diagrams are used 
in this text, though more emphasis is placed on diagrams. 

Data in tables should be arranged in an order!}* manner and 
di%'ided bj* lines or spaces so that the table vill be eas}’- to read. 
Some estimators like the tables to be arranged so that most of the 
reading is across the table, and others prefer to read up and down. 
Complicated tables and tables .so large that the}’' extend over 
several pages should be avoided. 

AMien the data are presented in the form of diagrams, the 
diagrams .should be simple and easy to read and use. In most 
instances, it will be found that the desired relations between the 
variables can be sho'^’i'n in the diagram by straight lines instead 
of cun'es. >Straight fines are easier to compute, plot, and read 
than cuix'es. Though only two points are needed to determine 
any straight fine, at least three points should be computed and 
plotted. All three points should be in the same straight line. 
If all three points are not in the same straight fine, there is at 
lea«t one error in the computations. The straight fines or 
curves in a diagram should not be too close together for ease in 
rr^adiiiE. Also, when practical, the straight fines or curves 
should cross the horizontal and vertical “grid” fines of th'’^ 
diaararn at an appreciable angle, say about 20 to 70 deg. 

5. Material Diagrams. — In the material diaarams, the rela- 
tioiK among quantities, prices, and costs are readily seen at a 
glance. In most of the material diagrams, the cost of the mate- 
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rial is usually given along the horizontal scale, the cost per unit 
to be used in estimating is given along the vertical scale, and 
each straight-line cun’e represents a certain quantitv per 
estimating unit. 

A typical simple material-cost diagram is shown in Fig. 1-1. 
This diagram may be used for estimating the lumber cost per 
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square foot of form surface for concrete. The horizontal scale 
gives the cost of lumber in dollars per 1,000 ft. b.m. The 
vertical scale gives the lumber cost in dollars per square foot of 
form surface. Each straight line represents a certain amount of 
board feet of lumber required for 1 sq. ft. of form surface. 

To compute three points or values for one of the straight line*, 
consider that 4 ft. b.m. of lumber are required for 1 sq. it. of form 
surface. At S20 per 1.000 ft. b.m.. the cost per square foot of 
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same straight line. Values for the other straight lines may be 
found in a like manner. 

For an illustrative example of the use of this diagram, assuming 
that the hourly wage is $1.20 and the rate of work for assembhng 
and erecting forms is 9 man-hours for 100 sq. ft. of form surface, 
the diagram shows that the labor cost is $0.11 per square foot of 
form surface. If there were 380 sq. ft. of form surface, the labor 
cost for assembling and erecting the forms would be $0.11 X 380, 
or $41.80. 

7. Preliminary Investigations (Visiting the Site). — Before 
preparing an estimate, the estimator should \dsit the site (or have 
a responsible party visit it for him) and make a study of the 
conditions there. For example, if the construction of a large 
building is planned, the estimator or his representative should 
^’isit the site; note the location of the proposed building; get all 
available data regarding the soil; make a sketch of the site 
showing all important details; decide on the best location for the 
plant and the materials storage yard; partly plan the construction 
plane (visualize it) ; obtain information concerning light, power, 
and water; obtain information regarding local ordinances and 
regulations; secure information concerning banking facilities; 
note conditions of roads and streets leading to railway yards and 
to material dealers ; investigate cost of local haulage ; consult -with 
material dealers regarding prices and deliveries (if local dealers 
are to be used); study local labor conditions in regard to wages, 
supply, and general efficiency of local workmen; and investigate 
boarding and rooming places for workmen (if workers have to 
be imported). 

8. Five Subdivisions of Estimating. — The work of estimating 
may usually be dhdded into five essential parts, or subdivisions, 
as follows: 

1. ^Materials. Estimating quantities and costs. 

2. Labor. Estimating labor-houi-s and costs. 

3. Plant. Estimating amount and kind of equipment needed 
and costs. 

4. Overhead. Determining items included and estimating 
CO':tS. 

•5. Profit. Estimating percentage for time, place, and job. 

In some estimates, one of these five main items may be negli- 
gible. and some subitem may become large enough to be con- 



ESTIMATING IN GENERAL 


9 


sidered by itself. For example,, in estimating excavation, the cost 
of the soil excavated may be zero, but the cost of transportation 
of this soil is laige and may be considered as a main item. 

9. Estimating Materials. — ^The preparation of a list of mate- 
rials is known as the “take-off.” The estimator takes off the 
various materials from the plans and specifications, and tabulates 
on “quantity sheets” all these different materials as to kind, 
number, size, weight, volume, or other units used. If the job 
is a large one and many quantity sheets are required, the total 
quantities for the various items are brought forward in condensed 
form to “summary-”’ sheets, and totals obtained for each kind 
or class of material. These totals are used in preparing the 
final estimates. 

In some places, a “quantity surve 5 'or” prepares a complete 
estimate or list of the quantities of aU the materials required 
(called a “quantity survey'*); the contractors use this list 
or estimate when preparing their bids. 

When estimating material costs, the costs of the materials at 
the job are usually used. This cost includes first cost, freight, 
unloading, cartage, storage, inspection, testing, and insurance. 

10. Estimating Labor. — Wben preparing labor estimates, 
due allowances must be made for variations in wages, for varia- 
tions in the length of time (hours) required to do a certain item 
of work, for variations in working conditions, and for variations 
in the classes (skilled and unskilled) of labor required for different 
kinds of work. Some allowance shoiild also be made in regard 
to the probable labor supply and demand. 

Several years ago, the day was usually selected as the unit of 
time, and labor estimates were based on the amount of work done 
per day and the daily wages. At the present time, the hour is 
the most satisfactory unit of time because the effects of work 
days of varying lengths (6, 7, S, 9, or 10 hr.) are eliminated and 
also because most wages are now expressed as hourly wages. 
The hour is used in this text as the unit of time for estimating 
labor. 

The length of time required to do a certain piece of work may 
varv considerablv owing to the skill and niental attitude of the 
workman and also to the working conditions on ihe particular 
jqI) some locahties, umon rules and regulations tend to 
limit the hourly output of the worker. Wben work is plentiful. 
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reiit«, general insurance, workmen's compensation insim^nce, 
social seenrity tax, office equipment and stationery, telephone 
and telegraph, interest, taxes, legal expenses, expenses of plans 
and specifications, traveling expenses, and sundries. Overhead 
costs also include the salaries (or portions of salaries) of managers, 
superintendents, estimators, solicitors, engineers, inspectors, 
clerks, timekeepers, stenographers, draftsmen, and watchmen, 
chargeable to the particular job. If desired, overhead costs may 
be divided into general overhead (such as office and yard costs) 
and job overhead. 

Some contractors charge the salaries of foremen to labor, and 
others charge these salaries to overhead. In general, if the 
foreman is with his gang continually .and works with them to 
some extent , his salary should be considered a labor item. How- 
ever. if the foreman does not work with any gang, or if his time 
is di\'ided among two or more gangs, his salarj* should be chaig;ed 
to overhead. Either way is satisfactory pro\dded that the 
method list'd is understood and the foreman's salary* item is 
included in the estimate. 


Total overhead expenses may varj' from 10 to 30 per cent of 
the total cost, or from 15 to 50 per cent of the labor cost. Work- 
men's compensation and liability insurance is desirable (and is 
usually required) and usually varies from about 5 to 12 per cent 
of the total labor pay roll. The rates for this insurance vain.* 
greatly for different kinds of work and in different states. The 
sociaWeeurity tax (in 1046) is 2 per cent of the p.ay roil. 1 per cent 
being deducted from the employee’s wage. Cnst of inspection 
varies from 2 to 3 per cent of the total cost. Plans and specifica- 
tions cost about 2"* j or 3 per cent of the total cost. Ulien .an 
architect or consulting engineer h.as charge of the plans and 
specifications and of the construction and inspection, his fees 
may vara* from 5 to S per cent of the total cost. 

Overhead expenses are sometimes apportioned to the several 
pans of a job according to the sum of the materials, plant, and 
labor costs of these parts. Another method is to apportion the 
overhead expense according to the labor-hours or the labor costs 
of the .-'evcr.al pans of the job, though occ.asionally some of the 
overhead expen-e may Ite assigned to the materials or to the 


plant. On >mal! jobs, 
a certain percent ace of 


the overhead expense is usnallv ficured as 
the labc'r costs, or a-= a certain percentace 
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of the sum of material. labor, and plant costs. Anv reasonable 
method of computing and apportioning overhead expenses Tvill 
be satisiactory if the method used is properly understood and 
correctly applied. 

Some discussion of overhead costs is given in each of the follow- 
ing chapters that relate to the est im ating of costs for particular 
types of work (concrete, masonry, steel, plumbing, etc.). A 
general discussion is included in Chap. X\T[I. 

13. Estimating Profit- — Last, but not least in importance, is 
the profit. The amount of profit is usually expressed as a per- 
centage of the total estimated cost of the job. This percentage 
usually varies from about S to 15 per cent, depending on the 
contractor's desire for the work, what he thinks is fair, and what 
he thinks he can get. For small jobs, 15 per cent is a common 
figure for profit, with 123-2 cent for medium jobs, 10 per cent 
for large jobs, and possibly S per cent for very large jobs. The 
percentage of profit added also depends, to some extent, on the 
risks and unforeseen difficulties of the job, and on how often 
payments are to be made and in what amounts. On large 
jobs, payments up to about 85 per cent of the total work done 
may be made each month. 

14. Sources of Error. — ^There are many ways in which errors 
may enter into an estimate. Some of the more common errors 
are the following: 

Errors in arithmetic. Addition, subtraction, multiplication, 
division, and decimal points. 

Errors in copying items from one paper to another. 

Omission of items of materials, labor, plant, or overhead. The 
items should be checked against a “reminder’' list. For exam- 
ple, one contractor omitted one floor in a 10-story building 
estimate, one forgot the interest charge on the money he had to 
borrow, another omitted the accident and liabifity insurance, 
another forgot his foreman’s wages. 

Errors in estimating the lengths of time required to do certain 
items of work by diflerent workmen and gangs. 

Errors in estimating wages of men. 

Errors in estimating quantities of materials. 

FIrrors in estimating wastage of materials. 

Firrors in estimating prices of materials, including effects of 
rising, falling, and steady markets on prices. 
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derricks, engines, planks, runways, and such hand and small 
tools as gloves, shovels, picks, crowbars, pinch bars, hand hooks, 
saws, hammers, axes, and small special tools. Hand trucks may 
be needed on some jobs. 

Ordinaiy hand tools rarel}'- last the contractor more than a 
year because of being worn out, lost, misplaced, or “mis.sing.” 
Hand trucks, barrows, and like tools may last up to two or three 
years, depending on the amount and kind of use. 

^\Tien computing equipment or plant costs, it is essential to 
include such costs as depreciation, interest, repairs, operation, 
erection and takedovm, and the costs of mo^^ng the equipment 
from the contractor’s j’-ard or storehouse to the job and back 
again. Power-equipment operation should include the costs of 
operators, grease and oil, gasoline, coal, and electricity, as the 
case may be. 

4. Transportation Costs. — ^The costs of transporting materials 
from one place to another are usually considered separately from 
the costs of handling (unloading, loading, and piling). Materials 
may be moved from one place to another by carrjdng by hand; by 
use of hand vehicles such as hand trucks, carts, and barrows; by 
horse-drawn vehicles such as carts, dump wagons, and drays; 
by motor trucks; by boats; by railways; by airplanes; and by 
combinations of these agencie.s. The contractor may have and 
u.se his own equipment, or he may hire equipment from others 
or contract with others to do the work. 

When the materials are transported by freight or express by 
means of boats, railways, or trucks (as the case may be), such 
co.sts are usually included in the estimate as one item. However, 
when the contractor uses his own equipment, his transportation 
costs may, if he desires, be .subdivided. For example, the costs 
of transporting materials by autotrucks may be divided into 
.abor (drivei-s and repairmen) and equipment (interest, deprecia- 
tion, gas, oil, tires, repairs, etc.). Most estimators, when pre- 
paring an estimate, would not go into such detail, but would 
consider a truck and driver to cost so many dollars per hour. 
Of coui-se, when computing this hourly rate, all the various cost 
items would be con.riderecl. but this hourly rate would not be 
recomputed in detail for each estimate for hauling materials. 

6. Overhead Costs.— Overhead costs should include all .such 
items as are mentioned in Art. 12 of Chap. I that apply to the 
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particular job for which the estimate is being prepared. Over- 
head costs may be based on the sum of the handling and trans- 
portation costs, or may be based on handling costs or on labor 
costs alone as desired. 

In the absence of more specific data. S to 2-5 per cent cf the 
sum of handling and transportation costs should be added for 
overhead. If the overhead is based on the labor costs alone, 
the percentage may vary from 12 to 50. 

When the handling and transporting of materials are con- 
sidered as a complete job, the overhead costs must always be 
included. If the handling and transporting of materials are con- 
sidered as parts of the job, the overhead costs may be included bj* 
adding them as a separate item when summarizing the total 
estimate for the complete job. 

6. Profit. — Profit is usually added as a separate item after 
aU the cost estimates for the different portions of the job have 
been prepared and totaled. If the handling and transporting of 
materials are considered as a complete job, allowance should be 
made for profit. However, no allowance need be made for 
profit if the handling and transporting of materials are considered 
as parts of a job. 

7. Summaiy. — The total cost of handling and transporting 
materials may be summarized as follows. If umt costs are 
desired (say per cubic yard or per ton), these unit costs may be 
found by dividing the total costs by the corresponding number of 
units. 

Total 

Estimated Unit 
Item Cost Cost 

Handling (labor and equipment) § S 

Transportation (labor and equipment j . 

Overhead (if not cared for otherwise) . . 

Profit (if any is to be included) 


8. Unloading, Loading, and Piling by Hand Labor.— Many 
construction materials are unloaded. loaded, and piled bt* hand. 
In this article, only a few materials trill be considered, but the 
principles involved are the same for various other materials. 

The time rate of work may be given in terms of the hours of 
labor per 100 units (sacks or block), per ton, per 1.000 ft. h.m., 
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By using Diagram 2-2, the labor costs per 1,000 units or sacks are found 
to be S6.60, or S0.0066 per bag. Then the labor costs for 800 sacks would 
be S0.0066 X 800, or 85.28. 

Illustrative Estimate. — Prepare an estimate of the labor costs of unloading 
8,500 face brick from freight cars to trucks. Trucks can back up to car 
doors so that the brick can be carried from the cars and piled on the trucks. 
Brick tongs will be used, and 5 brick will be handled at a time. Labor wage 
is 80.575 per hour. 

The time required to pick up the brick, take a few steps, pile on the truck, 
and return may be taken at about 2.25 hr. per 1,000 brick, fair workmen and 
no delays being assumed. The time required for 8,500 brick would be 
(2.25 1,000) X 8,500, or 19.125 hr. The labor costs would be 

80.575 X 19.125, or $11. 

By using Disgram 2-2, the ]ahor costs per },0D0 units or brick are found 
to be 81.30. The labor costs for 8,500 brick (8.5 thousand) would be 
81.30 X 8.5, or 811.05 (say 811). 

Illustrative Estimate. — Prepare an estimate; of the labor costs of unloading 
68,000 ft. b.m. of lumber from flatcars and piling it on ground near the track. 
The lumber is in the form of 1-in. boards, 2-by-4’s, and 2-bj'-6’s, varying 
in length from 12 to 16 ft. Labor wage is 80.65 per hour. 

On the assumption that the men work in pairs and that they are average 
workmen, the time (labor-hours) required to unload and pile 1,000 ft. b.m. 
may be taken as about 0.8 hr. (t.c., 2 men working together would require 
0.4 hr. for 1,000 ft. b.m.). Total time (labor-hours) required would be 
(68,000 -t- 1,000) X 0.8, or 54.4 hr. The labor costs would be 80.65 X 54.4, 
or 835.36. 

By using Diagram 2-1, the labor costs per 1,000 ft. b.m. are found to be 
80.52. The labor costs for 68,000 ft. b.m. would be 80.52 X 68, or 835.36. 

10. Shoveling. — The cost of shoveling depends upon the 
kind of material (heavy, medium, or light), condition of material 
(loose or compact, dry or wet), vertical distance or lift, kind of 
shovel used, as well as upon the skill and inclination of the 'work- 
men. Working conditions, such as sureness of footing and 
freedom of movement, also affect the rate of work. 

The presence of a foreman is usually desirable even on small 
jobs so that the Avork will be properly supervised and the men 
kept busy. With small gangs, say about five men or less, the 
foreman can work with the men. The amount of shoveling that 
the foreman can do with a small gang will depend largely upon 
the time required of him to lay out and direct the work. How- 
ever, with larger gangs, the work will usually proceed more 
rapidly if the foreman directs the work and keeps the men bu-sy 
but does no shoveling himself. 
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There is a great variation in the rates at which workmen will 
work. It is easier to shovel from smooth ground or a smooth 
platform than from a rough or muddy surface. The proper 
size and kind of shovels or forks should be provided. The 
shovel should be of such size and shape that it will hold a load 
of about 22 lb. There is a knack to shoveling which a workman 
must learn (or be taught) before he can become efficient. 

If there is much shoveling to be done on a construction job, the 
foreman in charge of the shoveling gang should select the shovels 


Tasli: 2-2. — Shovelxs-g Loose Matehiais 


Cubic yards ' Tons 


ilaterial 

i Work , Cu. vd. Lsbor-hr. . Tons oer L , 

i k { 1 . " 1 Labor-nr. 

1 t per nr. , per cu. nr. per 

i [ per man S vd. ! man i 

f 

Sand 1 

From car or 1 .50-3.00 0.3-5-0.70, 2. 00-4. OOjO. 2.5-0. 50 


Crushed stone. I truck to 1.00-2.500.40-1.00 1.2.5— 3.000.35-0.50 

Gravel j ground, from 1.00-2.50 0.40—1.001.25—3.25 0.30—0.80 

Cinders 5 car to 


imck. ,2.00-^.000.2.5-0.50 1.75-3.50,0.30-0.60 

L ‘ f, „ .„L 


Loam I orfrom nile to |1.2.5-2. 75 0.3-5-0.50 1.65-3.50 


p3e at same j 
elevation ' 


i 


0.30-0.60 


Sand 1 From ground 

Crushed stone.' to car. truck. 

Grave! > orvagon 

Cinders ! vhere lift is 

Loam I 4 ft. or less 

Medium soil. . .1 


Hard soil or j 

cla3' I 

Hard pan ; 


1 . 25-2 . 50 0 . 40-0 . SO 1 . 65-3 . 50;0 . 30-0 . 60 
0.75-2-25 0.45-1 .35 0.90-2.7.5 0.. 3.5-1. 10 


0 . 75-2 . 25 0 . 4.5-1 . 35 0 . 9.5-3 . 00 0 . a5-1 . 05 
1.50-3.-50 0.30-0.6.5 1.25-3.2.50.30-0.50 
0.00-2.50 0.40-1 .001 .35-3.3.5 0.30-0.75 
0.75-2.000.50-1.351-00-2.650.40-1.00 

’ ‘ ! J 

,0 . 60-1 . 50 0 . 65-1 .650. SO-2 . 00 0 . 50-1 . 25 
■0.50-1.25 0.50-2.00 0.70-1.65 0.60-1.45 


Sand ^From ground 0.75-2.00 0.50-1.3.5 1.00-2.7,5,0.3-5-1.00 

Crushed stone, to car. truck. 0.50—1-/50,60—2.000.6-5-2.2,5 0.4.5—1.50 

Gravel > or vr a g o n 0.50-1.750.60-2.000.65-2.500.40-1.50 

Cinders uhere lift is 1 .00-3.00 0. 3-5-1 .00 O.S-5— 2. /5 0.3-5— 1 .20 

lyjam 4 to 6 ft. 0.65-2.00 0.50-1.55 0.5-5-2.75 0.35-1.20 

0.50-1.50 0.65-2-00 0.6.5-2.00 0.50-1 55 

V 1 

’0.40-1 -2-5 0.50-2.50 0.55-1 . 65 0 . 60-1 . SO 
0.30-1.001.00-3.35 0 40-1 350.75-2.50 


Medium soil . . . 
Hard soil or 

clay 

Hard pan 


22 


COXSTRUCTIOK ESTIMATES AND COSTS 


to be used for different materials, and show how the^e shovels 
should be handled for the best results. In some cases, it may pay 
to make time and motion studies of shoveling. 

The unit of work is usually the cubic yard with the materials 
measured in a loosened condition, though the materials may be 
measured in a compact form in some cases. However, when 
materials are purchased b}^ weight instead of volume, the ton of 
2,000 lb. may be used as the unit of measurement. 

Table 2-2 shows variations in shoveling rates under different 
working conditions and using men of varjdng efficiency’. 

When the total lift is over 6 ft., platforms may be used so that 
any one lift or stage will not exceed 5 or 6 ft. 

In Table 2-3, the approximate weights per cubic j'ard of some 
of the materials are given. The weights per cubic yard will 
vary with different kinds of materials and will depend on their 
looseness or compactness, and also on their wetness or dryness. 

T.^ble 2-3. — Weight pee Cubic Yard 

Weight per Cubic 


Material Yard. Pounds 

S.and 2,200-3,000 

Gravel (screened) 2,200-2.800 

Gravel (bank run) 2,400-3,200 

Crushed stone 2,000-2,700 

Cinders (verj’ variable) 1,600-2,500 

Loam or dirt 2,200-2,800 


Dmgram . — Diagram 2-3 (page 537 may be used for finding 
the cost per cubic y ard or per ton of shoveling materials when 
the hourly wage is known and the labor-hours required to 
shovel 1 cu. y’d. or ton of material can be assumed correctly*. 

11. Illustrative Estimate. — Prepare an estimate of the labor cost of 
unlo.'iding a railxvay car containing 45 tons of gravel. The gravel is to be 
shoveled from the car to trucks. The labor vrage is SO.PO per hour. 

On the assumption that there would be no delays on account of the trucks 
and that the men of the gang of shovelers are good workmen, about 0.75 
labor-hours will be required for shoveling 1 ton of gravel into the trucks. 
Tnen the cost of unloading 45 tons vdll be SO.PO X 0.75 X 45. or 830.40. 

By using Diagram 2-3. the labor cost of unloading ] ton of gravel is 
found to be about $0.G75. The labor cost of unloading 45 tons would be 
80.G75 X 45. or S30.3S. 

12. Unloading and Loading Materials with Power Equipment. 
1 here are many type.= of power equipment available for handling 
materials. These type.s may be classified according to kind 
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(as belt,, bucket, or scraper), power (as steam, electric, gasoline, 
or diesel), weight in tons, size of conveyor (as size or capacity of 
bucket, scoop, or scraper in cubic feet or cubic yards of material), 
or capacity in work umts per unit of time (as cubic yards or tons 
per hour). 

In this book, no attempt will be made to describe the various 
types of power equipment for handling materials. Several 
hundred pages would be required for adequate descriptions. 
For such descriptions, the reader is referred to books on construc- 
tion equipment and to the catalogues of the various manufacturers. 

Perhaps the best classification is the capacity of the machine in 
hours per unit of work or work units per hour. In the absence 
of better data, the manufacturers rated capacity may be used 
and modified as required by the particular job. The manu- 
facturer's rated capacity is the hours required to do a certain 
amount of work or the amount of work that the machine may 
be reasonably e.xpected to do per hour when operated by a good 
workman and under average working conditions. On most jobs, 
the actual working time may vary from about one-fourth to 
three-fourths of the working hours because of necessary machine 
movements and delays caused by repairs, waits (as for trucks), 
and other reasons. 

When estimating the time in hours required to move a certain 
quantity of a material, it is necessary to know the load per 
movement of the machine and the number of movements per 
minute or per hour. It is dificult to make an accurate estimate 
nnlps.^ the estimator knows the machines, crew, and materials, 
and can make an accurate guess as to working conditions. 

Here are some observations (taken a few years ago) in regard 
to handling earth. 

A derrick with a H cu. yd. grab bucket averaged 16 cu. yd. 
per hour. 

A crane with a H cu. yd. grab bucket averaged 10 cu. yd. per 
hour. 

A crane with a Y 7 cu. yd. grab bucket averaged 27.5 cu. yd. per 
hour. 

A locomotive crane with a 1 cu. yd. clamshell bucket averaged 
about 40 cu. yd. per hour. 

A 2 cu. vd. dragline scraper on a 250-ft. cable way averaged 
about 60 cu. yd. per hour. 
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The costs of power equipment used for handling materials 
includes such items as transportation to and from the job, erec- 
tion and takedovi-n, interest, depreciation, rents (if rented), 
insurance, maintenance and repairs, lubrication, fuel or power, 
labor of operators and other workers, and overhead. Almost 
any machine, no matter how small, requires the serrdces of at 
least one man. Larger machines may require the services of 
several men. For example, a small power loader (buckets on 
endless chains), such as may be used in a coalyard, requires the 
sendees of a man to see that material is supplied to the machine 
and that the machine is kept operating efficiently. A large 
steam shovel will need an operator and a fireman, and some 
laborers to assist in shovel movements and to do the necessar}^ 
hand shoveling, etc. AJl machines have some overhead costs 
because they aU require some supervision and office work. 

There are several waj'S of figuring power-equipment costs. 
The unit cost desired is the cost of doing 1 unit of work, such as 
the cost of loading or unloading 1 cu. yd. of sand or 1 ton of coal. 
However, such a unit cost is not readily fotmd without some 
preliminary computations. As most of the costs vary directly 
with the time that the machine is in use, the total hourly cost of 
operation is first foxmd, and then the unit work costs are foimd 
bv multiplying this hourly cost by the time required in hours to 
do the chosen unit of work, or by di^dding this hourly cost by 
the nvunber of units of work done per hour. This hourly cost of 
operation should include allowances for the cost of the machine 
when idle, the cost of moving the machine to and from the job, 
■the cost of erecting and taking down the machine, the cost of 
general overhead and repair, and the cost of o"\ erhead. Some 
TTi tors use two hourly rates, one for the machine working 
and another when the machine is idle. Then the general 
expenses previously mentioned may be included in the hourly 
rate or may be added as a separate cost item. 

The totffi hourly cost of operating power equipment (including 
labor costs of operator and workmen) may vary from about 
$1 to S20 or more, depending on the kind and size of the machine, 
cost of fuel or power, and number of operators and workmen 
required and their wages. 

Diagrams.— Shuple diagrams may be prepared showmg the 
relations among total hourly costs, hours required te do certain 
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by going at a dogtrot. However, 100 ft. per minute is usually 
taken as the average walking speed as this rate allows for minor 
delaj's. 

Diagram . — ^The cost of carrying materials by men may be 
shown in the form of a diagram, as in Diagram 2-7 (page 541). 
When preparing this diagram, a man was assumed to take 1 min. 
to pick up and lay down his load and 1 min. to walk 100 ft. 
These assumptions allow for small delays. Hence, the time 
required to transport one load 200 ft. and return would be 
1 -f 2 -f- 2, or 5 min. Like reasoning gives 3 min, for 100 ft., 
7 min. for 300 ft., 11 min. for 500 ft., etc. 


15. Ulnstrative Estimate. — ^Estimate the cost of cam-ing 220 sacks of 
cement (1 sack weighs 94 Ib.) 160 ft. Assiime that each man carries one 
sack each trip. Men receive 60.90 per hour. 

Time required for one trip =14- 1-6 -r 1-6 = 4.2 min. 

Time required for 220 trips = 4.2 X 220 = 924 min. = 15.4 hr. 

Cost = 60.90 X 15.4 = 613.S6. 

Bv using Diagram 2-7, cost of carrying one sack is about 50.063. Then 
cost of carrying 220 sacks = 60.063 X 220 = 613. S6. 

f 

16- Transporting Materials by Vehicles. — ^The vehicles ordi- 
narily used by a contractor for transporting materials are wheel- 
barrows, two-wheel hand carts, scrapers, two-hoise dump 
wagons, and autotrucks. Transportation by freight and express 
are considered in later articles. 

The cost of transporting materials by a vehicle depends upon 
several things such as the cost of operating the vehicle, the 
capacity of the vehicle, the load, the time required for loading 
and xmloading, the speed of travel, and delays. The actual 
capacitr of a vehicle is usually taken as about 80 per cent of the 
measured or rated capacity to allow for variations in materials 
and loadings. The time required for loading and unloadmg will 
vary on different jobs and for different vehicles, different 
materials, and different methods of loading. The travel speed 
wiK depend upon the particular vehicle, the road or path, and 
traffic and other conditions. Hence, for accurate estimating 
the estimator must have fairly e.xact information m regard to 

the variables present. _ . 

In Table 2-5. information is given in regard to various vehicles 

used for tmnsporting materials. This information is approxi- 
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mate only. Further information concerning vehicles used in 
excavation is given in Chap. Ill, Table 3-7. 


Table 2-5. — Vehicular Data (Approximate) 


Vehicle 

Capacity, 

1 cubic yards 

Econom- 
ical haul, 

Time, minutes 

Rate of travel, 
feet per minute 


feet 

Load 

Unload 

Loaded 

Empty 

Wheelbarrows 

0.07-0.12 

Up to 150 

1.00- 3.00 

0.20-0.30 

75-125' 


Handcarts {2-whecl) 

0.07-0.15 

Up to 150 

1.00- 3.00 


70-125 


DraK scraper (horse) . 
Two- wheel scraper 

0.10-0.25 

Up to 200 

0.25- 0.75 



175-225 

(horse) 

Dump wagon (2- 

0.25-0. 07 

Up to 500 

0.25- 0.75 


150-225 


hor.se) 

1. 0-2.0 
(1-2.5 tons) 

Over 400 

1.0 -12.0 


175-225 

175-260 

Autotrucks* 

1-15.0 
(1-20 tons) 

Over 600 

1.0 -20.0 


10- 40 

15- 50 


* Kates of travel for autotrucks are in miles per hour. 

•■^ctuai capacity is taken at about 80 per cent of rated or measured capacity. 


Computatio?! of Transportation Costs . — The computation of 
transportation costs by autotrucks, for example, may be divided 
into four steps. 

1. Compute total operating cost of truck per hour, including 
such items as interest, depreciation, repairs and maintenance, 
(ires, oil and grease, gasoline, labor (driver), and overhead. 

2. Compute time in houns required for one round trip. This 
time includes time for loading, unloading, delays, traveling 
loaded, and traveling unloaded. Traveling time depends upon 
.speed and speed depends upon the truck, the road, the diiver, 
and the traffic. 

3. Compute co.st per trip. This equals cost per hour times 
hours for tnp. 

4. Compute unit costs by dividing cost per trip bj’’ number of 
units of material carried (cubic yards, tons, sacks, etc.). 

A beginning estimator is apt to estimate the average truck 
speed at too high a value and to estimate the time lost in delays 
at too low a value. Plenty of time should be allowed for loading 
and dumjiing. Time lost in delays may be cairsed b 3 ' waiting to 
load, waiting to unload, punctures and other tire trouble, engine 
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trouble, and accidents. Delays may average 10 min. or more 
per trip. 

Diagrams . — Diagrams may be prepared showing the relations 
among the different variables such as distance or length of haul, 
speed of trucks, time for trip, time for loading and delaj-s, cost 
per hour of truck, cost per trip, capacity of truck, and unit costs. 
As the relations among only three variables may be shown in a 
simple diagram, several diagrams are necessary. 

Diagram 2-8 (page 542) shows the relations among length of 
haul loaded, time per trip (trucks hand loaded), and speed of 
trucks. When computing the time per trip, 1 min, is allowed for 
dmnping or unloading, 3 min. for delays, and 20 min. for hand 
loading, giving a total of 24 min., or 0.40 hr. Note that total 
distance is twice the length of haul loaded. 

Diagram 2-9 (page 543) is similar to Diagram 2-S except that 
the trucks are power loaded. In Diagram 2-9, the loading time 
is taken as 3 min., unloading 1 min., and delays 5 min., gi^^ng a 
total of 9 min., or 0.15 hr. Other diagrams maj* be prepared, 
using other time allowances for loading, unloading, and delays. 

Diagram 2-10 (page 544) shows the relations among cost per 
hour of truck, time required for trip, and cost of trip. Unit costs 
may be found by dividing the trip cost by the capacity of the 
truck (cubic yards, tons, sacks, etc.). 

Diagram 2-11 (page 545) shows the relations among cost per 
trip, capacitj" of truck, and unit costs per cubic yard or per ton 
for trucks of varying capacities. 

17. Illustrative Estimates.— The following two illustrative 
estimates show how transportation estimates may be prepared. 

Illustrative Estimate. — ^Estimate the cost of transporting cement per sack 
from a railwav siding to the job, assuming the following data. Truck 
capacity is 60 sacks of cement. Cost of truck and driver is S2.55 per hour. 
Average speed is 24 m.p.h. Length of haul is S mUes. lime to load is 
12 min. Time to tmload is 12 min. Delays getting into position, for wait- 
ing turn, and for all other causes are 16 min. per trip. 

One round trip =2 X 8 =16 miles 

Time to travel 16 miles at 24 m.p.h. = 40 min. 

Time for one round trip = 12(load) -f- 12{unlo3d1 4- 16(delaj's) 

4- 40(travel} = SO min. = 1.33 hr. 

Cost of one round trip = 82.55 X 1-33 = $3.40 

Cost per sack of cement = 83.40 -t- 60 = 80.0567 . j . 

niustrative Estimate.— Estimate the cost of transporting 120 cu. yd. of 
gravel from a material yard to a job 6 miles 3va>. True.' capacitj is 
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2.50 cu. yd. Cost of truck and driver is S2.70 per Lour. Average speed is 
30 ni.p.h. Truck is pover loaded at material yard, and material is dumped 
at job. 

Time to travel 6 miles and return at 30 m.p.li. = 24 min. 

.Assume time required for loading 3 min., unloading 2 min., and delays 4 min. 
Total time for one round trip = 33 min. = 0.55 Lr. 

Cost of one round trip = S2.70 X 0.55 = $1.49 
Number of trips = 120 ^ 2.50 = 48, 

Total cost = $1.49 X 48 = $71.50 (about) 

Cost per cubic j'ard = $71.50 120, or $1.49 -i- 2.5 = $0.60. 

If desired, this estimate may be prepared b 3 ' the use of Diagrams 2-9, 
2-10. and 2-11. .Although the time alloved for unloading is 1 min. more 
and the time for delay’s is 1 min. less than the time assumed vrhen preparing 
Diagram 2-9, the total trip time vill be the same. For a length of haul 
6 miles Cround trip of 12 miles) and a speed of 30 m.p.h., Diagram 2-9 indi- 
cates that about 0.55 hr. vill be required. Diagram 2-10 shotvs that the 
cost of one trip v.ill be about $1.50, and Diagram 2-11 gives the cost per 
cubic 3 -ard to be about $0,60. Total cost = $0,60 X 120 = $72. 

18. Vertical Transportation of Materials. — ^Among the v:ays of 
mo'ving materials vertically' are carry'ing by men up inclines, 
stairs, or ladders; wheeling in barrotvs or carts up inclines; use of 
simple block and tackle and other ty’pes of hand hoists; and use of 
povrer hoists such as derricks, cranes, block and tackle with 
power vehicles, and elevators. The selection of the way to be 
used vill depend on the equipment available, the job conditions, 
and the amount and kind of material to be elevated. 

Carrying. — X workman will carry loads up to about 100 lb. up 
(and down) inclines at a .speed of about 80 to 100 ft. per minute, 
the steeper the incline, the .slower the .speed, and the le.sser the 
load. The vertical distance, however, will usually be lass than 
half the inclined distance; hence, the vertical rate may be about 
2.5 to 40 ft. per minute. The rate of carrying loads up or doum 
stairs may' vary' from about 40 to 70 ft. per minute on an inclined 
line, or from about 20 to 35 ft. per minute vertically', A man 
will cany' a load up or doum a ladder at about 20 to 30 ft. per 
minute. The cost of transporting materials vertically by' carry'- 
ing may' be estimated by the methods given in Art. 14 of thLs 
eha])ter, u.sing vertical rates of speeds of from 20 to 40 ft. per 
minute the ca-se may' be. 

Hand T1 hcchng. — X man can pu,rii a wheelbarrow or a ttvo- 
whcH*l<--d cart up an incline at an average rate of 70 to 100 ft. per 
minute inf-amred on the incline or about 20 to 40 ft. per minute 
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vertically. The amount of material (load) carried by the barrow 
or cart ^vii^ be less than that carried on the level; the steeper the 
incline, the less the load. 

Hand Hoists . — Two or more workmen with block and tackle or 
other types of hand hoists or hand elevators may be used for 
elevating materials on small jobs where the use of power eauip- 
ment is not justified. The number of pounds of material that a 
workman can raise a certain number of feet in an hour will 
depend upon his ability, the efiiciency of the machine, the kind 
of material, the dead load or tare, and the working conditions. 

On the assumption that 1 man power is the equivalent of 
li hp., one man should be able to do 33,000 ^ 6. or 5,500 ft.-lb. 
of work in 1 min., or 330,000 ft.-lb. of work in 1 hr. On a hand- 
hoisting job, this energy may be used for loading, hoisting, and 
unloading. Of the energy- used for hoisting, part will be used 
in overcoming friction and other machine losses, part in hoisting 
the container of the materials (dead load or tare), and part in 
hoisting the materials. Consequently, the part of the energy of 
the man used for actually hoisting the materials may vary from 
about 25 to 75 per cent of his total energy. This will amoimt to 
about 80,000 to 250,000 ft.-lb. of work per hour. That is, one 
man should be able to elevate 4,000 to 12,500 lb. of material a 
distance of 20 ft. in 1 hr., depending on conditions. 

The hourly cost of elevating materials by hand power will 
depend upon the hourly wages of the men,' the cost per hour of the 
equipment used, and in some cases, the overhead costs. Hand- 
equipment costs uiU usually be quite small. 

Power Hoists . — ^The amoimt of materials that can be raised 
vertically by machine power will depend on the net load the 
machine can handle at one time, the distance the load is raised, 
the speed at which the machine operates, and the time required 
for loading and unloading. The machine or equipment costs 
should include such items as interest and depreciation (or rental), 
transportation to and from the job, erection and takedown, 
repairs and maintenance, and operation. When the hoist is 
used for hoisting several kinds of materials (as during the con- 
struction of a several-storied building), the costs may be appor- 
tioned among the kinds of materials hoisted, preferably according 
to the number of hours that the machine is used for hoisting each 
kind of material. The labor costs may include the labor costs of 
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loading and unloading materials on and off the machine, cost of 
machine operation (if not included in machine costs), and costs 
of erecting and taking dow*n the machine (if not cared for other- 
wise). All overhead costs relating to the w'ork should be 
included. 

Because of the different t3T3es of hoisting machines, various 
kinds of materials, and different jobs and working conditions, it is 
impractical to attempt to prepare cost tables and diagrams. 
For example, two workmen with a small power chain hod elevator 
can elevate 2,000 to 3,000 brick a vertical distance of about 30 ft. 
in 1 hr. A power-driven two-barrow elevator with an operator 
(and necessar 3 ’ workmen for loading and unloading) can hoist 
8,000 to 12,000 brick a vertical distance of about 30 ft. in 
1 hr. 

''i^^len preparing estimates of costs of hoisting materials bj^ 
power equipment, the following procedure is suggested: 

1. Compute all costs that are chargeable against the hoisting 
machine. 

2. Compute all labor costs. 

3. Compute overhead costs. 

4. Sum all costs. 

5. Estimate the number of hours that the hoist will be in 
operation. 

6. Compute the total hourh’- operating cost. 

7. Estimate the number of hours required to hoist a unit or a 
certain number of units. 

8. Compute unit cost of hoisting the material, either b\^ 
dhiding tot.al costs bj’ total number of units of material, or b 5 ^ 
multipl}ing the hourlj- cost bj- the time required to hoist a unit. 

19. Transporting Materials by Express. — The cost of trans- 
porting an article bj' express depends upon the distance trans- 
ported, the weight of the package or shipment, the kind or class 
of material (ordinatw*, fragile, perishable, livestock, bulk}', etc.), 
and the w.a^- it i« packed or boxed. 

First-class express rates are based primarih- on distance. For 
determininsr the rates, the countiw" is di\'ided into blocks or areas 
and rate^ are established between blocks. The rate= arc not 
directh* proportional to di‘:tance as the\' include terminal costs 



HANDLING AND TRANSPORTING MATERIALS 


33 


one package, the terminal costs would be practically constant 
and the transportation costs would vaiy with the distance 
traveled. 

The first-class merchandise rate between two blocks, for 
example, is the rate in dollars per 100 lb. for packages or ship- 
ments of 100 lb. or more, and for ordinary materials so packed 
that the packages may be readily handled without damage. 



Dfsfrir.ce sh!pp-£d,in mifes 


Fig. 2-1. — Approsirnate cost per package of shipping materials by first-class 
express. (U.S. tax of 3 per cent and emergency charge of §0.10 for each ship- 
ment are not included.) 

^Materials requiring special care in handhng are charged higher 
rates which may vary from 1.5 to 3 or 4 times the first-class rates. 
In a few instances, there are special rates less than the first-class 
rates. 

For packages weighing less than 100 lb., the charge is less than 
that for 100 lb., but not in proportion. The following formula 
may be used: 
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Each of these groups has adopted certain rates to be charged for 
all materials shipped in their territory. The Official (or Eastern) 
group includes all territory east of Lake J\Iichigan and the 
eastern boundar}' of Illinois and north of the northern bounda- 
ries of Kentucky" and North Carolina and, in some instances, 
the state of Illinois and the southern part of the state of Wis- 
consin. The Southern group includes all territorj’’ east of the 
Mississippi and south of the northern boundaries of Kentuckj’^ 
and North Carolina. The Western group includes all territorj’^ 
west of the Official and Southern groups. 

Each of these groups has also adopted certain classifications or 
ratings for aU the different kinds of freight. However, the class 
or rating may be different in different groups. The classifications 
in use in the three groups are called: Official Classification, 
Southern Classification, and Western Classification. The ratings, 
rules, and regulations of these three classifications have been 
published together under the title of “Consolidated Freight 
Classification.” This book is the official book used in app^ring 
freight rates. 

In classifjring freight, certain abbremations and symbols have 
been used. A list of these follows. 


Characters Appearing in Territorial Rating Coleiins 


1 = first class 

2 = second class 

3 = third class 

4 = fourth class 

5 = fifth class 

6 = sixth cla=3 
R25 = rule 25 class 
R26 = rule 2G chass 

= 1.25 times first class 
IJ j = 1.50 times first class 


Dl = double first class 
TYzW = 2.0 times first class 
3tl = 3 times first class 
Sj^tl = 3.5 times first class 
4tl = 4 times first class 
A = class A 
B = class B 
C = class C 
D = cla^ D 
E = class E 


Abbre\'i.^.tion... Appearing i.v Descriptions of Article.s 
L.C.L. = le« than carload X.O.I.B.X. not othenvise indexed by name 
C.L. = carload Lb. =* pounds 

S.V. = set up Min. wt. =5 minimum weight 

K.D. = knocked dorni 


.\n examination of the preceding Ibt of characters .^hows that 
fn-ighi rating.' are given by number, rule, and letter. In general, 
the hicher the numerical rating, the lower the freight rate. 
Freight shipped in carload lots is given a higher numerical 
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rat inz i ban freight shipped in loso: than carload lots. In addition 
to the ms.ny cIas'/=^ lifted and their accompanying rates, there 
are many special commodity rates applying on certain kinds of 
freight and h'^tv.e^’n different stations. 

The reader is referred to his local freight agent for a list of 
articles (materials i and the classification or ratina: for each article. 


.ili these classes tas indicated by the characters listed) are 
not ured by each group. The foUoudng table shoii.-s the classes 
used by each group and rates for each class expressed as per- 
centages of the Class 1 rate. For example, if the rate for Class 1 
in the official group xvas .S0.S4. the rate for Class 4 would be 50 
per cent of §0.S4. or ?0.42. 


T.cei. 1; 2-T. — Ci-igsns .om PEHrE:>rrAGEs 

Percenrere? r.re besed oa Class i rates for each group 


Ofncial Gas 

;si5''ation Group 



Cass 

I 

! 

2 3 end R25 R26 


1 

5 ' 6 

Pcrccatacc 

lOO 

S5 70 5-5 

50 35 ; 27H 


Southern Cla 

.ssfncatfon Group 



i 

Cciss 1 

2 3 4 

5 ' 6 1 7 S 9 

1 

10 

■ 11 'l2 

Percentage. . 100 

» i 

S-5 70 .55 

45 40 35 30 25 

22 

20 |l71< 

i [ 


Western Cla; 

=si£cation Group 



Ca-^ 

1*2 

' t ! 1 

3 . 4 ' o 1 B 

Ic 

D E 

Percentscc 

. . . 100 S-5 

70 55 ' 45 |37W, 32^,1 30 , 

1 ! 1 1 ( i 

223-<t 17K 

-j 


Figure 2-2 shows the approrimatc relations between first-class 
freight rates per 100 Ib. and distance for the Official Classification 
or Group: and for East and West Traffic, east of the Eociy 
iloimtains. for the TTestern Classification or Group. Once the 
first-class rate has been found, the rates for other classes may be 
found bv means of Table 2-7. The minim um freight charge on 
any tingle shipment is usually S0.55. 

Ag freight rates are subject to change irom tim e lO time, and 
as there are Tarious special commodity rates in effect, the 
estimator should consult the local railway agent in order to 
obtain accurate information in regard to freight clacsifications 
and rates. 
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When shipping materials by freight over railroads, there may be 
other expenses in addition to the freight rates. In a few locali- 
ties, the railroad will collect and deliver package freight. In 
most localities, the shipper or consigner must meet the expense 
of delivering the freight to the railroad company, and in some 
cases he must load the freight on the cars. At the destination, 
the con-signee must pay for the haulage from the railroad, and 
in some instances he is expected to unload the freight. There 
ma y be switching charges when freight is loaded or unloaded from 
cars spotted or switched on sidings not located in the freightjmrds. 
Also, if a car is kept bj^ the shipper (consignor) or consignee for 



Pig. 2-2. — Approximate rates per 100 lb. for first-class freight. (U.S. tax of 3 

per cent is not included.) 


more than a certain length of time (usually two daj’s), demurrage 
charges must be paid. These charges are usually $2 per car per 
da}' after the two free days. 

The discussion so far has applied to freight shipped over rail- 
road.=. Freight may also be shipped by boat. Freight rates by 
boat are often less than railroad rates, but the time required to 
transport a shipment a given distance is usual!}’ appreciably 
longer. "'iMien shipping by boat, the consignor usually delivers 
the freight to the wharf and the consignee takes the freight from 
the whan' at the end of the trip. 

Freicht may be shipped by autotnick. Trucking rates are 
often hichcr than railroad rates, but the truck® usually collect 
the freight from the shipper and deliver it to the consignee at 
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their respective places of business. ' The time required by trucks 
on short hauls is often less than the time required hy railroads. 

22. Combined Handling and Transportation of Materials. — 
The movement of materials from one place to another usually 
includes both handling and transportation. For economy, these 
two types of work should be combined so that the total cost of 
doing the work wiU be a minimum. In general, the use of more 
machinery will result in a saving of labor costs, and vice versa. 
However, the total combined costs of labor, equipment or plant, 
and overhead should govern. 

The fundamental law is to select, arrange, and use the men and 
machinery so that the work vili be done at a Tninimum cost. In 
some instances, the selection, arrangement, and use of machinery 
is limited to the equipment that the contractor has available for 
the job. In other instances, it may be advisable to rent or pur- 
chase additional equipment. Of equal importance is the selection 
of good workmen, their arrangement in gangs of the right number 
of men, and the use or supervision of the gangs so that the men 
vrfll work eSciently and economically, especially when their work 
is combined with that of machines. "VThenever practical, all 
men and all machines should be worked to their full capacity. 
The time lost by delays due to any cause should be reduced 
whenever possible. There is no special rule whereby the best 
combination of men and machines may always be determined 
by one computation. Often several combinations must be tried 
and computations made in detail before the most economical 
combination is foimd. A further discussion of the economical 
operation of men and equipment is given in Chap. .X Jk l on Con- 
struction ^Management. 

When estimating the cost of combined handling and trans- 
portation of materials by autotrucks, the hoxirs required per 
truck load (or loads per hour) will depend upon the number of 
trucks loaded and unloaded per hour. For example, if 20 min. 
are required for loading and 15 mm. tor unloading one truck, 
only three truck loads can be handled per hour. The uloading 
gang will have a 5-min. wait between trucks. Also, if four trucks 
are provided ner hour and only three can be handled per hour, 
each truck will have a wait ot 20 min. per trip on an average (ihe 
loading time required for one truck). If five trucks per hour were 
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pro'^'ided in this case, each truck would wait (5 3) X 20, or 

40 min. each round trip. 

"ViTien considering gang times, the times of the gangs for loading 
and unloading should be taken as equal. For example, if the 
loading time is 20 min , and the unloading time is 15 min., onl}- 
three trucks can be loaded per hour. Hence, only three trucks 
per hour will arrive at the unloading platform so that the unload- 
ing gang will have a 5-min. wait between trucks, and will be idle 
5 X 3, or 15 min., out of every hour. 

When computing the trip time required for a truck, this time 
vill equal the loading time plus travel time loaded plus unloading 
time plus travel time empty plus delays. Ho two of these times 
have to be taken equal. The number of trucks needed per hour 
vdll equal 60 min. di^■ided b 5 '’ the loading time in minutes (or 
diwded bj’’ the imloading time if that is larger than the loading 
time). 

In the preparation of any estimate for the cost of handling and 
transportation of materials, the four items mentioned in .Arts. 1 
and 7 of this chapter must be considered. 

23. Illustrative Estimates on Combined Handling and Trans- 
portation of Materials. — The following four illustrative esti- 
mates show how cost estimates maj* be prepared for the handling 
and transportation of materials. In order to bring the costs up 
to 1946 levels, the labor wages and overhead costs may be 
increased by about 40 to 50 per cent and the truck and driver 
costs increased by about 25 to 40 per cent. 

Illustrative Estimate. — Estimate the cost of unloading 226,000 ft. b.m. oi 
lumber from freight cars, transporting 1 mile by truck, and piling in yard. 
Contractor has a gang of 3 men vith 1 truck and driver. Capacity of truck 
is 2.000 ft. b.m. and average speed fallowing for small delays) is IG m.p.h. 
The men ride back and forth on the truck. .Assume cost of truck, driver, 
and 3 men to be S.G.GO per hour, and allow 15 per cent for overhead charges. 

Solution: The three men working together would require about 0.45 hr. to 
load the truck, if it is a.ssumed that the truck can back up to the car. and 
perhaps a.n equal time to unload and pile in the t'ard. if it is a^-umed that 
the lumber can be piled directly from the truck fsee Table 2-1. page 19). 
Time rcqu:rc-d for one trip = 0.45 floadi -r 0.45 (unload) 

-r 0.0625 (travel loaded) -f- 0.0625 ('travel empty) = 1.025 hr. 
Co-'t per hour of truck, driver, and ganc. includinc overhead = S5.G0 

X 1.15 = 56.44 

ro-t of one trip = .S6.44 X 1.025 = .66.50 
Cost pe r l.O'VO ft. h.tn. = S6.G0 ~ 2 = $3.."0 
Co-t for 226.(X)0 ft. b.m. = 53.30 X 22G = 5745. 
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Xocte: As the time required for loading and unloading is large -n-iien com- 
pareo. tTitli the travel time, the costs would be reduced bv increasing the 
number of men in the gang, it being asuined that the men would not inter- 
fere with each other in their work. 

Hlustrativ'e Estimate. — A certain contractor has a ouantitv of face brick 
to unload from freight cars, transport 2 miles to the job. and stack at the 
job. He has one track available which can haul 1000 brick per load, and 
can maintain an average speed of 20 m.p.h. with an allowance for short 
delays. The cost of this truck with driver is §2.25 per hour, and wages of 
an ordinary laborer are -S0..50 per hour. The overhead charge is -SO. 10 per 
hour per laborer and S0.2o per hour for the truck. Brick tongs will be 
used for loading and unloading. The laborers will ride from freightyard 
to job and back again with the track. The driver does not assist inioading 
or unloading. Assume that 1 man will load 600 brick from car to frock per 
hour or from truck to stack; 2 men, at rate of 1.200 brick per hour; 3 men, at 
rate of 1,700 brick per hour; ~ men, at the rate of 2,100 brick per hour; and 
5 men, at the rate of 2.400 brick per hour. More than two men will interfere 
with each other to some extent. What size of gang wonid be the most- 
economical. and what should be the esriraated cost per 1000 brick? 

SoJuiian. 

One-man gang; 

One round trip will care for 1000 brick. 

Total track cost = S2.2-5 -f- 0.2-5 = -$2.50 per hour, including overhead. 
Total wage per man per hour = S0.50 -r 0.10 = S0.60. including overhead. 
Load = 1.67 hr. Unload = 1.67 hr. Travel 4 miles = 0.20 hr. 

Total = 3.53 hr. for 1 trip. 

Cost per 1000 brick = 3.5-3(.S2.50 -4- -$0.60) = -$10.95. 

Two-man gang: 

Load = O.S-3.3 hr; Unload = O.S-33 hr. Travel = 0.20 hr. 

Total = 1.S7 hr. for 1 trip. 

Cost per 1000 brick = i.S7(-$2.50 -r 2 X § 0 . 60 ) = § 6 . 93 . 

Three-man gang: 

Ixjad = 0.59 hr. ^ Unload = 0.59 hr. Travel = 0.20 hr. 

Total = 1.3-5 hr. for 1 trip. 

Cost per 1000 brick = 1.3S(S2.50 4- 3 X -$0.60} = .$5.93. 

Four-man gang: 

Load = 0.476 krT Unload = 0.476 hr. Travel = 0.20 hr. 

Total = 1.1-5 hr. for 1 trip. 

Cost per 1000 brick = 1.15 ($2.50 4- 4 X § 0 . 60 ) = -55.6-3. 

Five-man zanz: 

Load = 0.417 hr. Unload = 0.417 hr. Travel = 0.20 hr. 

Total = 1.034 hr. for 1 trip. 

Cost per 1000 brick = 1.034(-$2.-50 4- 5 X -SO-60) = .$5.70. 

According to the data given, the track and driver with the 4-inan gang 
would be the ino=t economical combination in regard lO co^u. 

mnstxatrre Estiinate.— A certain contractor has a large quantity of 
cement in sacks to unload from freight cars, transport 3 mdes to the job 
and nOe in a cement house. He has 3 tracks available for tfe purpose each 
track canable of hauling 60 sacks of cement per load. _^ch truck 
maintahTan average speed of 20 m.pJi- when traveling, with ahowance for 
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small delays. Cost per hour (including overhead) of a truck and driver is 
estimated at .?3. Ordinaiy labor can be secured at a cost (including over- 
head) of S0..55 per hour. It takes 1 man 1 min. to carrj* a sack of cement 
from a freight car and pile it in a truck. It takes 1 man 1 min. to earn- a 
sack of cement from the truck and pile it in the cement shed. One gang 
will be used for loading and another gang for unloading. One man in each 
gang vill be the strav bo.ss of that gang and his ■n-age is .?0.G.5 per hour, 
including overhead. The strav bosses rviJl vorlc vdth the men. The truck 
drivers vill not help load or unload the trucks. Determine the most eco- 
nomical size of each gang, and compute the cost of handling the cement per 
sack. 

Solution: This estimate is similar to the preceding estimate in that varj'ing 
sizes of gangs may be tried, but it differs in that tvo gangs ivill be needed 
and the gangs vill not travel on trucks. It may be that the gangs vill be 
idle .some of the time. -Xo doubt it vould be advisable to keep truclas bus>' 
all the time, even if one or both gangs arc idle a little of the time. Loading 
times should equal unloading times (approximately) so as to reduce the 
amount of time that any gang is idle. The unloading gang should be about 
1.2.5 as large as the loading gang, to keep these times about equal. 

Try 3 men loading and 4 men unloading; 


GO X 1 


20 min. 


Time to load a truck 
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Time to travel 3 miles and return = 9 + 9 = 18 min. 

Time for one trip = 48 min. if no delays 

However, it takes 15 min. to load (or unload) one truck; hence, 4 trucks 
could be loaded per hour if trucks arrived that fast (f.e., everj' 15 min.). 
Trucks will arrive every 48 -J- 3. or 16, min.; hence, each gang will have a 
1-min. wait between trucks. There will be no truck delays. 

Truck cost per trip = S3 X = §2.40 

Cost of loading = (S0.65 -f 3 X S0.55) X — ^ = S0.613 


Cost of unloading = (S0.65 -r 4 X $0.55) X ^ ‘ = $0.76 

DU 

Total cost of one trip = .$2.40 -f- S0.613 -f- S0.76 = S3.773 
Cost per sack = S3.773 60 = S0.0629 

Here the gangs are balanced, and each gang gets a minute’s rest between 
trucks. A good arrangement. 

Trj- 5 men loading and 6 men \mloading: 

Time to load one truck = ^ - = 12 min. 

o 


Time to unload one truck 


60 X 1.25 
6 


12.0 min. 


Time to travel 3 miles and return = 18 min. 

Total time for one trip = 42.5 min. if no delays 

Trucks wiU arrive everj* 42.5 3 = 14.2 min., so that loading gang will 

have a 2.2-min. wait between trucks and the unloading gang a 1.7-mm. wait. 

Truck cost per trip = S3 X = S2.125 

Cost of loading = (S0.65 4- 4 X S0.55) X — gg — = S0.675 

Cost of unloading = (S0.65 4* 5 X S0.55) X — -g^ = S0.805 

Total cost per trip = $3,605 (say $3.60) 

Cost per sack = $3.60 -r- 60 = $0.0600 
Trj' 6 men loading and 8 men unloading: 

Bv following the same process of analysis, the total time per trip is found 
to be 37.4 min., the cost per trip to be $3.47, and the cost per sack to be 
$0.0578. 

Trj' 7 men loading and 9 men unloading: 

Bv following the same process of analysis, the time per trip is foimd to be 
34.9'min., the cost per trip to be $3.49. and the cost per sack to be $0.0582. 
Try 8 men loading and 10 men unloading: 

By following the same process of analj'sis. the time per trip is found to be 
33 min,, the cost per trip to be $3.50, and the cost per sack to be S0.05S3. 
Another example of balanced gangs. Each gang has an idle period of 

3.5 min. between trucks. 

Trj* 9 men loading and 11 men unloading: 

Bv" following the same process of analj'sis, the time per trip is found to be 

31.5 min., the cost per trip to be $3.55, and the cost per sack to be 
$0,592. 
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sho'i elers for the 1 cu. A'd. shovel. Wage of shovelers, including all o'ver- 
head, is S0.55 per hour per man. 

Estimate the costs of supplying gravel by each of these methods, assuming 
aAcrage truck speeds of 30 m.p.h. for the 2.5 cu. yd. trucks and 28 m.p.h. 
for the 4 cu. yd. trucks. 

Solution: 1. Estimated cost of gravel from material supplv companv, 
80.95 (per cubic yard) X 7,800 (cubic yard) = 87,410. 

2. Estimated cost of gravel purchased from pit and using rented equip- 
ment from Company .4 : 

Assume trucks to average 30 m.p.h. 

Time for one trip = 3 min. (get in position and load) 16 min. 

(travel loaded) 1 min. (dump) 4- 16 min. (return) -b 4 min. 

(delays) = 40 min. = 0.667 hr. 
Then 12 0.667 gives 18 trucks per hour at shovel. 

Shovel could load 20 trucks per hour if the 3 - ivere available. 

Gravel loaded per hour = 18 X 2.5 = 45 cu. j-d. 

Hours required for 7,800 cu. j'd. = 7,800 -i- 45 = 174 hr. 

Gravel cost = 80.125 X 7,800 cu. j'd. 

Shovel cost = 870 -f 84.50 X 174 hr. 

Truck cost = 82 X 12 trucks X 174 hr. 

Superintendent and shovelers = (82 4- 2 X 80.55) X 174 hr 
Total cost 

Cost per cubic j’ard = 86,543 -4- 7,800 = 80.839 (saj- 80.84) 

The use of 13 trucks instead of 12 would reduce costs a little. 

3. Estimated cost of gravel purchased from the pit and using rented 
equipment from Company B: 

Assume trucks to average 28 m.p.h. 

Time for one trip = 3 min. (get in position and load) 4- 17 min. 

(travel loaded) 4- 1 min. (dump) 4- 17 min. (return) -f 4 min. 

(delaj’s) = 42 min. = 0.70 hr. 
Then 10 0.70 gives 14.3 trucks per hour at shovel. 

Shovel could load 20 trucks per hour if thej' were available. 

Gravel loaded per hour = 14.3 X 4 = 57.2 cu. j’d. 

Hours required for 7,800 cu. yd. = 7,800 57.2 = 137 hr. 

Gravel cost = 80.125 X 7,800 

Shovel cost = 699 4" 86 X 137 

Truck cost = 83 X 10 X 137 

Superintendent and 3 shovelers = (82 3 X S0.55)13r 

Total cost 

Cost per cubic j-ard = 86,497 7,800 = 80.833 

It would be cheaper for the highway contractor to rent equipment from 
either Company A or Company B and to haul the gravel, instead of buying 
the gravel delivered at the job from the material supply company. 

The total cost (and the cost per cubic yard) could be reduced if enough 
4 cu. 3 *d. trucks could be rented to keep the 1 cu. yd. shovel working at 


= 8 975 
= 912 
= 4,110 
= 500 
= 86,497 


= 8 975 
= 853 

= 4,176 
= 539 

= 86,543 
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capacity. The total number of trucLs required v.-ould be 20 X 0.70. or 14. 
TliC'^e 14 truck*' v.-ould permit the f-hovel to load 20 X 4, or SO, cu. yd. of 
gravel per hour. 

Then the boura required for 7.800 cu. 3-d. vould be 7.S00 SO = 97,.o hr. 
(fia;.- 9Sj 


Grav<*l co’-t 
Shovel CO't 
Tnjfl: co-t 

Superinleridf'nt and 3 rhovelerK 


= SO. 12.0 X 7.S00 
= $90 -f SO X 9S 
= S3 X 14 X 98 
= fS2 -k 3 X SO..V.O/J8 


= S 975 
= G7S 
= 4,110 
= 3.58 


Total 00*1 


= -SO, 127 fa faving 
of $370) 


Co>-t p'T cubic j-ard = SO. 127 -J- 7,S00 = .$0,780 
Consequent!;,-, it would pay the contractor to rent 4 additional 4 cu. 3'd. 
trucks at the Fame hourly rate. If the'-e 4 a'lditional truclae could be su 
rented, the cheape*^t method v.-ould be to purchase the grave] ut the pit and 
then load and luiul the gravel Uj the job b;,- means of the equipment rented 
from Coinpan;.- B and the 4 additional truck-S. 
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EXCAVATION 

1. ExcavatioiL — ^Excavation deals primarily -svith the handling 
and transportation of the sod, though in a complete excavation 
job many other items may need to be included. For example, 
the excavation of a basement for a large building may include 
such items as clearing the site, removing old buildings. loosening 
and removing sod, breaking and removing rock, filling and 
grading, bracing and shoring, sheet pding, pumping water, 
digging trenches, and protecting adjacent property. 

The costs of excavation, and the estimates of these costs, 
depend upon several things such as class of excavation (special 
and general): quantity or amount of excavation; kind of sod; 
disposal of e-xcavated materials: other items of work required in 
COIH16CLioil TTit h the particular job; methods used for loosening 
and digging, transporting, and disposing of the materials; and 
delays caused by weather, machinery breakdowns, labor troubles, 
etc. 

2. Classes of Excavation- — Excavation may be divided into 
two classes: 

1. General excavation, such as excavation for a large basement 
or for a large cut for a railway or highway. General excavation 
may be done by almost any method such as tea m s and scrapers, 
or power shovels and trucks, for example. 

2. Sneeial excavation, such as digging trenches or footing holes 
for foxmdations. Handwork is nearly always required for special 
excavation. 

3. Elnds of Sod . — Soil may be divided into five kinds according 
to the diSculty experienced in excavating it. Soils vary greatly 
in character, and no two are exactly alike. 

1. Light sod. Requires no loosening. Can be shoveled 

easilv. Sand is an example. 

2. ' Medium or ordinary soil. Easdy loosened by pick and 
plow. Preliminarv loosening is rarely required vhen power 
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Tabilz 3-1. — AppKoxnrjLTE Axgixs of Repose 


ilaterial 

1 -Angle with horizontal, degrees 

1 Dry 

f 

Moist 

Wet 

Sand . - 

! 20-3.5 



Eanh- . .... 

20-45 

25-45 

25-30 

Grave! 




Gravel sand, and clay . . 

20-35 

! 




4- Computing Quantities. — ^The unit used when computing 
quantities of excavation is usually the cubic yard. The cubic 
foot is sometimes used when the quantity conMdered is quite 
small. 

In the take-off, each item of general and special excavation 
should be listed separately, with dimensions, quantities, and 
the kind of soil. It should be noted if the earth is firm and will 
retain its vertical position without side supports or bracing, or 
if the earth wall will require sheathing or bracing. Sometimes 
when excavating with power equipment it is more economical to 
omit the sheathing or bracing and to slope the banks. 

When computing quantities for excavation, the estimator must 
be careful to include the dimensions from outside to outside of 
all footings and forms, and from the top of the grade to the 
lowest p(^t of excavation. If the surface of the ground is 
sloping or uneven, the horizontal projection may be diT,-ided into 
a number of convenient squares and rectangles, and the average 

heiaht of each section estimated. 

i. Methods Used for Excavating. — There are several methods 
that may be used in excavating sod. For example, the sod 
may be loosened by picks, team and plow, tractor and plow, 
or blastino-. The material may be dug by hand shovels, team 
and s7raper, tractor and scraper, or by a power excavator such 
as a shovel or dragline scraper. The transporting may be done 
bv wheelbarrows, scrapers, dump wagons, autotrucfa, crawler 
n^eons. or radwav dump cars. The material may be disposed 
of W merelv dumping, or by dumping and levetog by hand 
scrapers, graders, or buddozexs, as the case may be. A t^ical 
e.xcavating job wdl usuady require loosemng and diggmg. trans- 
portation, and disposaL 



50 


€OXSTRUCTIO?k estimates axd costs 


6. Factors Afiecting Excavation Costs. — The estimator must 
remember to include everj* cost item. No item should be 
omitted. It is not so important as to tvbat part of the cost 
clas-iScation any item is placed under, provided that the esti- 
mator knovs and understands the classiScation used, and classi- 
fies the same item in the same manner each time. When not so 
classified, the exception should be noted. 

VvTien estimating excavation costs, several items must be 
considered, some of which may not alwat's be apparent. For 
example, when estimating trenches, the following questions 
must be answered: 

Will the .udes of the trench remain vertical, or will they cave 
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TTill a power excavator (shovel or dragline excavator) be used? 

TThat is its capacity and cost? 

TTill scrapers be needed? If so, how many? 

Will a team (or tractor) and a plow be required? 

If transportation is required, what vehicles will be used? 

If dump wagons are to be used, how many are needed? 

If trucks are to be used, how many are required and of what 
capacity? 

In what manner will the excavated earth be disposed of? 

WiU extra laborers be required for any purpose? If so, how 
many? 

What are the hourh* costs of the various items of equipment 
which are to be used? 

The fundamental law for securing low costs is “to select, 
arrange, and use the men and equipment so that the total cost 
of the job will be a minimum.’’ In general, all men and machines 
should be worked at full capacity during working hours. Delays 
should be kept at a minimum. If some of the men or machines 
must be idle at times, the most expensive should be kept as busy 
as possible. For example, in an excavation job the power shovel 
may be the most expensive piece of equipment, and it should be 
kept busy during all the working hours. Sufficient trucks should 
be provided to keep the shovel busy, even if a truck should have 
to wait a Kttle occasionally. Likewise, if the use of a few 
shovelers will speed up the work of the shovel at the excavation, 
maintain ramps in good order, or reduce the time required by the 
trucks at the dumping ground, these shovelers should be pro- 
vided even if they may be idle a few minutes out of every hour 
on the average. Sometimes more than one shift may be used to 
speed up production and reduce overhead. 

7. Methods of Estimating Excavation Costs. — There are two 
■^vavs of estimating excavating costs. One way is to consider 
each class of excavation and each kind of soil and prepare 
separate estimates (handling, transportation, and o\ erhead) 
for each. The other way is to estimate the total cost of handling 
of all excavation, the total cost of transportation of aU excava- 
tion, and the total overhead on all excavation. The first way 
is usuaUv preferred. 

There'are also two methods of preparing cost estimates for any 
one kind or class of excavation. One method is to obtam the 
total costs of each of the four main items (the total-cost- method), 
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and then find the sum. Unit costs are found bj' dimding the 
total costs by the number of cubic yards of e.xcavation. The 
other method (the unit-cost method) is to estimate the cost per 
cubic yard of handling, transporting, overhead, profit, and total, 
and then get the co.^ of the job by multiphdng the unit cost by 
the number of cubic yards. Either method is satisfactoiy if no 
co^ts are omitted. 

8. Preparation of Excavation-cost Estimates. — After the 
take-ofi has been completed shoving all kinds and quantities of 
e.xcavation. and after the methods and equipment to be used 
have been decided upon, a cost estimate may be prc'pared. This 
estimate may be dhided as follotvs: 
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overhead is based on labor costs of handling and transporting 
the material, the percentage maj’' varj’- from about 15 to 40. 

Profit . — If the excavation job is a separate job, some allowance, 
say 5 to 12 per cent, should be allowed for profit. 

9. Loosening Soil. — Table 3-2 gives the approximate times 
required for loosening various soils with different equipment. 
Light soU requires no preliminarj’- loosening. 


Table 3-2. — ^Loosening Soil (Approximate) 


Method 

Cu. 

yd. per hour 

Hours per cu. 

yd. 

Medium 

sod. 

Heavj' 

soil 

Hard 

pan 

Medium 

soil 

Heaiy 

soil 

Hard 

pan 

Man and pick. . 

2- 4 

1- 3 

0 . 5-1 . 5 

0.25-0.50 

0.33-1,00 

0.67-2.00 

Team and plow. 


15-30 


0.02-0.04 

0.03-0.07 


Tractor and one 

1 






plow 


25-50 

5-20 

0.01-0.03 

0.02-0.04 

0.05-0.20 

Tractor and 2- 







gang plow 


40-70 


0.01-0.02 

0.01-0.03 



The cost of loosening rock by drilling and blasting will depend 
upon the kind of rock, ease of drilling, use of hand or machine 
drills, skill and wages of workmen, and amount and cost of explo- 
sives used. The general subject of rock excavation will be 
considered in a later article (see Art. 34 on Rock Excavation). 

10. Digging Soil by Hand Labor. — ^Digging soil by hand 
shoveling is perhaps the oldest and simplest method. The 
amount of work done per man per hour varies greatly with the 
s lrill of the laborer, his inclination to work, the condition of 
the soil (dry or wet), the kind of the soil, the height or lift, and the 
working conditions on the job. A further discussion on excava- 
tion by hand shoveling is given in the articles on Backfilling, 
Trenching with Hand Labor, and Excavation by Hand. 

Table 3-3 gives the approximate outputs for shoveling loosened 
material into wagons or trucks. An increase in the total lift up 
to about 6 ft. will decrease the hourly output about 5 to 10 per 
cent for each foot of increase. Likewise, a decrease in the total 
lift will increase the hourly output about 5 to 10 per cent per foot. 

Table 3-4 gives the approximate outputs per labor-hour for 
shovefing in excavation, including some loosening vith a pick, 
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Table 3-3. — Shoveling Loosened Soil into Wagons or Trucks 

Total lift about 4 ft. 


Soil 

Cu. j^d. per 
labor-hr. 

Hr. per cu. 
yd. 

Light, from ground 

1.20-2.50 

1.00-2.00 

0.80-1.50 

0.70-1.25 

0.40-0.85 

0.50-1.00 

0.65-1.25 

0.80-1.40 

A'TpfliiTm, from grmmd 

TTnrd nr hp.avv, from ground 

TTnrd ppUj from ground 


Light, from excavation 

1.10-2.30 

0.90-1.80 

0.70-1.35 

0.60-1.10 

0.45-0.90 
0.55-1.10 
0.75-1.45 
j 0.90-1.65 

Medium, from excavation 

Hard or heavy, from excavation. . . 
Hard pan, from excavation 



and for a total lift not over 6 ft. In general, the output increases 
as the total lift decreases, and this must be considered when 
selecting values from the table. 


Table 3-4. — Shoveling Soil into Wagons and Trucks from Excavation, 
Including Some Loosening with Picks 
Total lift not over 6 ft. 


Soil 

Excavation 

Cu. yd. per 
labor-hr. 

Hours per 
cu. 3 'd. 

■ 1 

Light 

General, drj-^ 
General, wet 
Special, dry 

1.00-1.75 

0.70-1.30 

0.90-1.50 

0.55-1.00 

0.75-1.45 

0.65-1.10 

Medium. 

General, dTj-^ 
General, wet 
Special, dry 

0.80-1.40 

0.55-1.00 

0.70-1.20 

6.70-1.25 

1.00-1.80 

0.85-1.45 

Hard or heavy 

General, dry 
General, wet 
Special, dry 

0.60-1.15 

0.35-0.65 

0.45-0.80 

0.85-1.70 

1 . 55-2 . 85 
1.25-2.25 

Hard pan 

General, dry 
General, wet 
Special, dry 

0.50-1.00 

0.25-0.50 

0.35-0.65 

1.00-2.00 

2.00-4.00 

1 . 55-2 . 85 


When the excavation is more than 5 ft. in depth, the soil must 
be rehandled by extra men using stages or platforms. For every 
two or three diggers, an extra man is required for each rehandling 
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.or for each stage. Note that' the amotint of excavation per 
labor-hour will be reduced as extra men are used to reshovel the 
soil. 

Diagram 3-1 (page 546) ma 3 - be used for estimating the costs of 
hand shoveling when the labor wage is known and the labor out- 
put may be reasonabh* assumed. 

11. Digging Soil with Power Equipment. — Some kind of power 
equipment is usuallj* used for digging the soil except on very 
small jobs or on special excavation. Types of equipment com- 
monly used are power shovels, dragline e.xcavators, tower 
excavators, cranes and derricks with booms and buckets, trench- 
ing machines, tractor-drawn scrapeis, elevating graders, and 
various types of special equipment. For detailed descriptions of 
different t 3 *pes of power equipment, the reader is referred to books 
on construction equipment and to the catalogues of the manu- 
facturers. The discussion given in the preceding chapter in 
Art. 12 on Unloading and Loading ^Materials with Power Equip- 
ment may be reviewed at this time. 

The output of a power excavator, such as a power shovel or 
dragline excavator, depends upon the size of the bucket, dipper, 
drag bucket or scraper: the number of loads handled per minute 
or per hour; the kind of soil, weather, and job conditions; amount 
of mo^-ing required; delays of various kinds; and the skill of the 
operator. 

A power excavator should average one to three bucket, dipper, 
or scraper loads per minute during the working day. The 
number of loads per minute will usually vary inversely with the 
amoimt of the load, the reach or length of boom, and the distance 
through which the load is swung or carried. A larger machine 
usually operates slower than a smaller one, and more time ia 
required to operate a long boom than a short one. 

Each type of power excavator has its advantages and dis- 
advantages. Some types of mac hin es work more e^sciently on 
some kinds of jobs than on others. For example, a steam shovel 
or dragline scraper may be the most suitable for the exeat ation 
of a basement for a large building, a derrick or crane with a 
bucket for deep excavation, and an elevating grader for a cut 
on a new highway. 

Table 3-5 gives the approximate capacities of power excavators 
such as shovels and dragline scrapers. 
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Table 3-5. — Approximate Outputs op Power Excavators Used for 

Digging Soil 


Bucket 
dipper, or 
scraper 
capacity, 
cu. yd. 

Machine with 

a short reach* 

Machine with a longer reach j 

Cu. yd. per 
hr. 

Hr. per 1,000 
cu. yd. 

Cu. yd. per 
hr. 



30-100 

10.0-33.3 

25- 75 

13.3-40.0 

M 

45-130 

7.7-22.2 

40-100 

10.0-25.0 

1 

60-160 

6.3-16.7 

55-125 

8.0-18.2 

IM 

75-190 

5.3-13.3 

70-150 

6.7-14.3 

IK 

90-120 

4.6-11.1 

80-175 

5.7-12.5 

m 

105-245 

4.1- 9.5 

90-200 

5.0-11.1 

2 

120-270 

3.7- 8.3 

100-220 

4.6-10.0 

2K 

145-320 

3.1- 6.9 

120-260 

3.9- 8.3 

3 

170-370 

2.7- 5.9 

140-300 

3.3- 7.1 

3K 

190-420 

2. A- 5.3 

160-330 

3.0- 6.3 

4 

210-460 

2.2- 4.8 

175-350 

2.9- 5.7 

5 

250-550 

1.8- 4.0 



6 

285-630 

1.6- 3.5 




> * Such as a power shovel with short boom and dipper. 

t Such as a dragline scraper with a long boom, or a crane with a long boom and bucket. 


When trucks or wagons are used with a power excavator, the 
capacity of a truck or wagon should be equal to one or more 
times the load handled at one time by the excavator (dipper, 
bucket, or scraper load). There should be a suflScient number of 
trucks or wagons available to keep the excavator busy during all 
working hours. 

The cost of power excavators includes such items as first cost, 
interest, depreciation, rents (if rented), general overhaul and 
repairs, storage, transportation to and from the job, lubrication, 
fuel or power, insurance, maintenance and operating repairs, 
labor of operators and other workers, and overhead. See 
Appendixes B and C for equipment costs. 

There are several ways of computing costs of power equipment. 
Almost any way is satisfactory provided that it is understood 
and that all cost items are included. Perhaps the best way is to 
compute the hourly cost of operation because most costs vary 
mth the time the equipment is in use. This hourly cost should 
include allowances for all such items as are mentioned in the 
preceding paragraph. When computing hourly costs due to 
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items other than operation, the probable niunber of horns that 
the equipment Avill be ■working must be estimated. 

12. Bac kfillin g. — Bac k fi lli ng may be done by hand shoveling, 
by scrapers, or by bulldozers (tractors -^vith a scraper fastened to 
the front). The time required for backfilling by hand -R-ill 
depend on the ease ■ndth ■which the material can be shoveled, and 
on the tamping or compacting required. 

Table 3-6 gives approximate rates of work. 


Table 3 - 6 . — Backfilling with H.^nd Labor 
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Table 3-8. — ^Labob Required eoe Shoveukg Soil ix Trexches 
Including loosening -witli picks as required 


Depth of trench, feet 




Output, cubic j'ards per man per hour 


Light 1 . 00-1 . SO 0 . 95-1 . 70 

hledium . . 0 . S5-1 . 60 ,0 . SO-1 . 50 

Hea^'j' ,0 . 65-1 . 25jo . 62-1 . 20 

Hard pan . 0 . 50-1 . 00 ,0 , 47-0 . 95 * 



.45 0.70-1.30,0.65-1.20 
.30 0.60-1.15'0-55-1.05 
.00 0. 45-6. 9o!o. 43-0. S5 
. solo - 35-6 . 70 0 . 33-6 . 76 


Labor-hours per cubic yard 


Light 6 . 55-1 . OO 6 - 60-1 . 05^0 . 65-1 . isjo . 70-1 . 25 0 . 75-1 . 40|0 . SO-1 . 50 

hledium . . 0 . 65-1 . 20jo . 70-1 . 25;0 . 75-1 . lO^O. SO-1 . 50 0 . 90-1 . 70 0 . 95-1 . SO 
Heavy... . 0. SO-1. 55 0.85-1.65,0. 95-1. Soll. 00-1. 90ll. 15-2. 20 1.20-2.30 
Hard pan . 1 . 00-2 . 00 1 . 05-2 . 10 jl . 15-2 . 35 1 . 25-2 . 5o|l . 40-2 . SO 1 . 50-3 . 00 

or caUdrig. Hence, the tvidth required for a 4-m. pipe would be 
about 4 plus 16, or 20 in., and that for a 30-in. pipe would 
be about 30 plus 20, or 50 in. When the pipe sections can be 
joined together on the ground and then lowered into the trench, 
the required trench width will be less. 

Perhaps the simplest way of estimating trenching costs by 
hand labor is to (1) compute the quantity of each kind of soil in 
cubic 3 *ards, (2) knowing the depth of trench, estimate the hours 
required for a man to e-xcai'ate 1 cu. j-d. of each kind of soil, (3) 
knowing the hourlj'- wage, compute the cost per cubic yard for 
each kind of soU, (5) compute the tetal cost for each kind of soil, 
and (6) sum up the costs. 

Equipment costs will be the wear on tools (picks, shovels, etc.), 
their loss, and the expense of transporting them to and from the 
job. These costs may vaiy from a few dollars up to $100 or 
more, depending on the particular job. On some jobs, allow- 
ances must be made for bracing and shoring, for pumping, and 
for stages and platforms for rehandling the soil. 

General overhead costs may vary from about 15 to 40 per cent 
of the labor costs. 

Profit may vary from 5 to 15 per cent. 
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Diagram 3-1 (page 546 may be used to find the labor costs per 
cubic 3 -ard for excavating and backfilling trenches by hand labor 
when the hourly wages are known and the hourly outputs for the 
laborers may be reasonably assumed. 

17. Illustrative Estimates. — ^The following two estimates 
relate to trenching with hand labor. 


UlustratiTe Estimate. — ^^rimate tlie cost of excaTating and backfilling 
a trench 240 ft. long. 4.5 ft. deep, and 24 in. (2 ft.) vide. Soil is ordinary 
loam (medium soil) and is firm enougb so that no bracing ttQI be required. 
Labor rate is $0.S3 per hour including overhead. .AIIott S4 for equipment. 

Assume a rate of 0.90 hr. per cubic yard (1.10 cu. yd. per hour) for excavat- 
ing and 0.45 hr. per cubic yard (2.20 cy. yd. per hour) for backfilling with 
some tamping (see Tables 3-6 and 3-S). 


Cubic yards in trench 

Excavation cost 
Backfill cost 
Equipment 
Total 

Cost per cubic yard 


(240) (4.51 (2) 
27 


= SO cu. yd. 


.S0.S3(0.9O}SO = S59.76 
.$0.83(0.45)80 = 29.88 
4.00 


.S93.fri 

$93.64 80 =$1.17 


By using Diagram 3-1, 0.90 hr. per cubic yard for excavating plus 0.45 hr. 
per cubic yard for backfill equals 1.35 hr. per cubic yard. .4t cm hourly rate 
of $0.S3, the diagram gives the cost per cubic yard as about $1.12. 


Cost of digging 

Equipment 

Total 


and backfiH = -$1.12 X 80 = $89.60 

= 4.00 

= $93.60 


Or a unit cost of about $1.17 per cubic yard. ^ ■, , , ct,- 

Blustrative Estimate.— Estimate the cost of excavatmg and backfiUmg a 
trench 140 ft. Iona. S.5 ft. deep, and 2 ft. vide. Soil L. heavy, reqmrmg some 
loosenmg vitb picks. Soil is firm enough so that no bracmg requm - 
I^bor rate is $0.76 oer hour including overhead. Equipment 
816 for shovels, pic^, stages or plah'orms. and for transpo..mg eqmpme 
to and from the job. Backfill requires tamping. iionrl fo- 

of about 1.40 ha. p.- ™bic 

digging and 0.60 hr. per cubic yard (1.33 cu. . d. P- 
(see Tables 3-6 and 3-S). 

_ 140(8.5)2 _ 25 

27 


Cubic vards in trench — ,j- 


Cost of excavating 
Cost of backfill 
Equipment 
Total 


= S0.76fl.40)S$.i5 
= $0.76(0.60)88.15 


: $ 93.85 
40.15 
16-00 
$150.00 
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Then total cost of excavation and backfill 

= (S0.25 + $0.22)420 + $48.00 + $12.00 + $5.00 = $262.00 
Cost per cubic yard = $0,623 

20. Excavation with Hand Labor. — The cost of hand excava- 
tion depends in general upon the class of excavation, kind and 
condition of soil, the hourty wages and houii 5 '' output of the 
shovelers. The work nill consist of loosening the soil, digging, 
and backfilling or spreading. This work has been discussed in 
Art. 9 on Loosening Soil, Art. 10 on Digging Soil b 3 ^ Hand, Art. 12 
on Backfilling, Art. 13 on Spreading, and Art. 16 on Trenching 
with Hand Labor. Tables 3-2, 3-3, 3-4, and 3-8 may be con- 
sulted when estimating the output. Then, when the hourly 
wage is knov.m, the cost per cubic yard may be found by means 
of Diagram 3-1 or computed by arithmetic, as desired. 

21. Illustrative Estimate. — Estimate the cost of 23 cu. yd. of special 
excavation and 15 cu. yd. of backfill with tamping of ordinarj’- loam (medium 
soil). Hand labor is to be used at an hourlj’- wage of $0.83 including over- 
head. Equipment costs are estimated at S3. This special excavation and 
backfill are required in the construction of the foundation of a large building. 

From Table 3-4, approximately 1.30 labor-hours of shoveling ma}'' be 
assumed per cubic yard of special excavation, and from Table 3-6 about 
1.10 hr. per cubic yard may be assumed for backfilhng and tamping. 

Excavation cost = $0.83(1.30)23 = $24.85 

Backfilling and tamping cost = $0.83(1.10)15 = 13.70 
Equipment cost = 3.00 

Total = $41.55 

From diagram 3-1, the cost per cubic yard for excavation is about $1 .08, 
and the cost per cubic yard for backfilling and tamping is about $0.91. 

Excavation cost = $1.08(23) = $24.90 

Backfill and tamping cost = $0.91(15) = 13.65 
Equipment cost = 3.00 

Total = $41.55 

22. Excavation with Hand Labor and Wheelbarrows. — The 
cost of excavating by hand labor and wheelbarrows wfill depend 
upon such items as the kind and condition of the soil, the labor 
output per hour loosening and shoveling, the capacity of the 
barrows and their loading, the difficulties of wheeling (steepness 
of incline and roughness of path), the distance wheeled, the 
weather, the skill of the workmen, and their wages. The output 
of workmen loosening and shoveling soil has been discussed in 
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Arts. 9 and 10 and transportation by -n-heelbarrows in Art. 15 
of this chapter. The output with wet soil may be 20 to 40 per 
cent less than with dry soil. 

The rated capacities of wheelbarrows vary from about 2 to 
4 cu. ft. with an average of about 3 cu. ft. Because of the expan- 
sion of the soil when loosened, the difficulties of wheeling and the 
inclination of workmen not to load the barrows to capacity, the 
actual capacity of a barrow will vary from about 1.5 to 3.0 cu. ft. 
with an average load of about 2 cu. ft. Whenever practical, the 
path for wheeling should be made smooth so that the barrows 
may be fxiUy loaded. 

The limit of economical haul for wheelbarrows is about 150 ft., 
though in some cases barrows have been used up to 200 or even 
300 ft. However, when the length of haul is over 100 ft., the 
cost, of transporting with wheelbarrows should be compared with 
the cost of transporting with other vehicles. 

The number of barrows and laborers to be used on a job will 
depend to some extent upon the size of the job, the number of 
barrows and men available, and the number that can be used 
without interference with each other. For example, there maj* 
be one laborer with each barrow, or there may be more laborers 
than barrows with the extra laborers being used to help in the 
loading. The size of gang and the work of the men in the gang 
should be such that all the men can be kept busy all the time 
during working hours. 

When preparing rough estimates of time (and cost), the time 
required for one man to load a barrow is usually taken as 3 min. 
(two men, 1.5 min.; three men, 1 min.), and a man is assiuned to 
travel at a rate of 100 ft. per minute. Time for dumping is very 
small and may be included either in the loading or traveling time. 

However, the total cost of loosening, digging, and moving earth 
by hand shoveling and wheelbarrows depends upon the time 
required for one man to loosen, dig, and move 1 cu. yd., and 
upon the labor, equipment, and overhead costs. Labor wages 
mav vary from about S0.50 to Sl./oper hour, and overhead costs 
mav A'ary from 15 to 40 per cent of the labor costs. Small tool 
and barrow costs will not usually be over a few cents an hour per 
laborer for a pick, shovel, barrow, and runwaj's plus costs of 
transportation to and from the job. Equipment costs (except 
transportation) and overhead costs may reatonablj be included 
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■uith the hourly wage without appreciable error. Transportation 
of equipment to and from the job may be added as a separate 
item, or may be included with overhead, when overhead is 
treated as a separate item, as desired. 

For convenience, the data in regard to digging and transporting 
soil by barrows has been summarized in Table 3-9. Values are 
based upon 2.0 cu. ft. per load and travel at 100 ft. per minute, 
and include loosening, transporting, and dumping soil. 

The length of haul (50, 100, or 150 ft.) is the length of haul 
loaded. The trip length will be twice the length of haul. 


Table 3-9. — Excavation by Hand Labor with Wheelbarrows 
Average barrow load assumed as 2 cu. ft. 


Soil 

Loosen 

and 

load, 

min. 

Cu. yd. per man per hour 

Labor-hours per cu. yd. 

Haul 

50 ft. 

Haul 
100 ft. 

Haul 
150 ft. 

Haul 

50 ft. 

Haul 
100 ft. 

Haul 
150 ft. 

Light (sand) .... 

1. 5-3.0 

1.12-1.80 

0.90-1.28 

0.75-1.00 

0.56-0.89 

0.78-1.11 

1.00-1.33 


2. 0-4.0 


0.75-1.12 

0.64-0.90 

0.67-1.11 

0.89-1.33 

1.11-1.56 

Heavy (clay) 

2, 5-5.0 

0.75-1.28 

0.64-1.00 0.56-0.82 0.78-1.33 

1.00-1.56 

1.22-1.78 

Hard pan 

3. 0-6.0 

0.64-1.12 

0 . 56-0 . 90j0 . 50-0 . 75jo . 89-1 . 56 

1.11-1.78 

1.33-2.00 


For other barrow capacities, the outputs will be in proportion. 
For example, for an average barrow load of 1.5 cu. ft., the cubic 
yards per man per hour will be 1.5 2.0, or 0.75 of those given 

in the table, and the labor-hours required per cubic yard wiU be 
2.0 1.5, or 1.33 times the labor-hours given in the table. 

Other tables may be prepared for other barrow capacities and 
loading and w^heeling times. 

Diagram 3-1 gives the cost per cubic yard of digging and 
wheeling soil in barrows w'^hen the hourly wage is knowm and the 
hours required per cubic yard of excavation (digging and wheel- 
ing) may be reasonably assumed (as in Table 3-9). 

23. Illustrative Estimate. — Estimate the cost of excavating 137 cu. yd. 
of loam and 43 cu. yd. of clay. Soil will be dug by hand and wheeled in 
barrows an average distance of 75 ft. Wage of laborer is S0.94 per hour, 
including all overhead and equipment costs except equipment transportation 
(which may be taken as S8). Weather is good, and soil is fairly dry. 

From Table 3-9, it may be assumed that about 1.00 hr. will be required 
to dig and wheel 1 cu. yd. of loam and about 1.20 hr. per cubic yard for clay 
with barrow loads averaging 2 cu. ft. 
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The time required for a trip will be the sum of times required 
for loading, traveling loaded, dumping, returning empty, getting 
into position, and delays. The number of wagon loads per hour 
will depend upon the number of men in the loading gang and 
their output, on the assumption that enough wagons are provided 
so that there will be no delays. The number of wagons needed 
may be found by dividing the trip time by the loading time. A 
good foreman should be on the job to keep men and wagons 
busy. The foreman should give most of his time to supervising 
the work and should not plan on doing physical labor except in 
emergencies or when the loading gang is small, say about four 
men or less. When the size of the job permits, more than one 
loading gang may be used to save time. In some instances, 
gangs of different sizes and varying numbers of wagons should be 
considered in order to find the most economical arrangement. 

When preparing an estimate, the following procedure may be 
used: 

1. Compute number of cubic yards of each class and kind of 
soil to be excavated. 

2. Determine number of men in one loading gang. 

3. Estimate time required for loading one wagon. 

4. Decide on number of gangs, if more than one gang is to 
be used. 

5. Estimate time required for a round trip by a wagon. 

6. Estimate number of wagons required for each loading 
gang. This is equal to trip time divided by loading time. If 
the answer is fractional, the size of the loading gang or the rate of 
work or both should be varied so that the answer is not fractional, 
because a fractional part of a wagon cannot be supplied. 

7. Estimate the total number of wagons required by all 
loading gangs. 

8. Allow for loosening soil (team, driver, plow, and helper). 

9. Allow for spreading soil at the dump. 

10. Compute total hourly cost of entire crew, including over- 
head and profit (if these items are to be cared for). 

11. Compute hours required for an output of 1 cu. yd. or 
compute hourly output of crew in cubic yards. Cubic yards per 
hour equals the wagons loaded per hour times the cubic yards in 
one load. 

12. Compute unit cost per cubic yard (itemized as desired). 
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11. Compute hourly output of crew in cubic yards (or compute 
time required per cubic yard). The cubic yards per hour will 
equal the average truck load times the number of trucks loaded 
per hour. 

12. Compute cost per cubic yard of excavation. This cost 
may be itemized if desired. 

13. Compute total cost of excavation. This cost may be item- 
ized if desired. 

Diagram 3-4 may be used for finding the cost per cubic yard 
of excavation after the total hourly cost of the crew and trucks 
has been computed and the hourly output (or time per cubic 
yard) has been reasonably assumed. 

27. Illustrative Estimate. — Estimate the cost of excavating the basement 
described in the illustrative estimate in the preceding article, assuming the 
same wages for shovelers and foremen and using auto dump trucks of 
2.5 cu. yd. rated capacit 5 ’- at S4 per hour instead of dump wagons, and a 
small tractor and plow at S2 per hour instead of a team and plow. Assume 
truck speed as 15 min, per hour for the 0.75-mile haul. 

Total yardage = 90 X 50 X 5.1 -i- 27 = 850 yd. 

A loading crew of 9 shovelers vtU be assumed. 

Time to load one truck, on the assumption that one man requires 0.85 hr. to 
shovel 1 cu. yd. and that the average truck load will be 80 per cent of rated 
capacity or 2 cu. yd., will be 2 X 0.85 -t- 9, or 0.19 hr., or 11 min. 

Use 2 crews. 

Time for one trip = 1 min. to get in position -k 11 min. load -k 3 min. travel 
loaded + 2 min, unload + 3 min. return + 2 min. delay = 22 min. = 0.367 
hr. 

Trucks required for one gang = 22 11 =2. 

For 2 loading gangs, 4 trucks are needed. 

The small tractor with driver, helper, and plow wiU be used for loosening soil. 
Hourly cost of crew; 


Loosening soil = S2 (1 tractor) -f 80.70 (1 helper) = S 2.70 

Shoveling = $1.20 (1 foreman) -k 80.70 X 2 X 9 (men) = 13.80 

Leveling at dump = 80.70 X 2 (men) = 1.40 

Transportation = 84 X 4 (trucks and drivers) = 16.00 

Subtotal = .$33.90 

Overhead = 15 per cent = 5.09 

Subtotal = $38.99 

Profit = 8 per cent = 3.12 

Total hourty cost = .$42.11 


Output per hour = 2 crews X 2 cu. j’-d. X 60 -v- 11 = 21.8 cu. yd. per hour. 
Hours per cubic 3 ’ard = 1 21.8 = 0.0458 hr. 

Hours per job = 850 X 0.0458 = 39 hr., or 850 -4- 21.8 = 39 hr. 
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Cost per 
Cubic 

Cost of 850 

Item 

Yard 

Cu. Yd. 

Loosening soil. 

. .. SO. 124 

S 105 

Shoveling 

0.633 

538 

Leveling at dump 

0.064 

54 

Transportat ion 

0.734 

624 

Overhead . . 

. 0.234 

199 

Profit . . . 

0.143 

122 

Total. 

. SI. 932 

SI. 642 


Check: S42.11 per hour X 39 hr. = S1.642 

If desired, the cost per cubic yard may be checked ■with Diagram 3-4. 
For an hourh* cost of S42.ll and 0.045S hr. required per cubic yard, the 
diagram gives a cost of about $1.93 a cubic yard. The total cost u-ould be 
S1.93 X SoO = $1,642. 

28. Excavation vrith Horse-drawn Scrapers. — ^The cost of 
excavation with horse-drawn scrapers depends upon such items 
as kind of sod, condition of soil (dry or wet), scraper load, length 
of haul, wages of men and teams, overhead, and profit. Loosen- 
ing will probably be required for heavy soil and hard pan, but 
not for light and medium soils. Drag scrapers wdl require a 
helper for loading, say one helper for every 2 to 10 scrapers, 
depending on the length of haul. Sometimes a helper is used on 
the dump, but the dumping is usuallv* done by the driver of a 
drag scraper. A snatch team is needed when the incline or ramp 
is steep. Fresno and two-wheel scrapers will require helpers for 
loading and dumping. The larger sizes of scrapers may require 
two helpers for loading especially in medium and heavy soils. 

For convenience, information previously given in regard to 
horse-drawn scrapers is repeated here in tabular form. The rate 


T»ble 3-10. — Hoese-drawv Scrapehs 


Kind of scraper 

f 

Capacities, cubic 
, vards 

i 

1 Horses 
! required 

Econom- 
ical haul, 
feet 

1 f 

j Eated j Job 
i 1 

Drae or slip 

. .. 0.13-0.33,0. 10-0. 25j 

2 or 3 

1 

1 50-200 

Fresno or buck 

0.25-0.75 0.20-0.60, 

2-6 

; 100-300 

Two-wheel 

... 0.33-0.67,0-25-0.50' 

! i i 

2-4 

100-500 
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of travel is 150 to 225 ft. per minute loaded and 175 to 250 ft. per 
minute empty. The time required for turning and loading will 
vary from 0.25 to 0.75 min., and for turning and dumping, from 
0.20 to 0.50 min. The scraper capacity, as used on the job, will 
usually be about 75 or 80 per cent of the rated capacity. 

The approximate output of various scrapers is given in Dia- 
grams 3-5 and 3-6 (pages 550 and 551). In computing these out- 
puts, scraper loads were taken at about 80 per cent of the rated 
capacities, a total time of 1 min. was allowed for turning and 
loading and for turning and unloading, and the rate of travel 
was assumed at 200 ft. per minute. Trip length is twice the 
length of haul. 


Trip time in minutes 


haul in feet 
100 


+ 1 


Cubic yards per hour = 
Hours per cubic yard = 


60 X scraper load in cubic yards 
minutes for trip 

minutes per trip 

60 X scraper load in cubic yards 


The cost of excavating 1 cu. yd. by team and scraper is equal 
to the total cost per hour of the team and scraper times the hours 
required per cubic yard, or it is equal to the hourly cost di^dded 
by the output in cubic yards per hour. The total hourly cost 
of team and scraper includes the proportionate cost of helpers for 
loading and unloading, the cost of team and plow and helper 
for loosening soil, the cost of a foreman, equipment, overhead, 
and profit. The relations among hourly cost, hours required to 
excavate 1 cu. yd., and costs per cubic yard are shown graphically 
in Diagram 3-7 (page 552). If desired, a cost diagram could be 
prepared shoving the relations among total cost of crew per hour, 
total output per hour, and cost per cubic yard. 


29. Illustrative Estimate. — Estimate the cost of excavating a basement 
by teams and scrapers. The total excavation is 213 cu. j'^d. Soil is ordinary 
loam. A man and team with scraper or plow costs $1.30 per hour, ordinarj’- 
helpers 80.70 per hour, foreman 81.10 per hour, overhead 10 per cent of all 
costs, and profit 7 per cent. Soil is to be spread over back of lot. Average 
haul will be about 75 ft. 

Assume crew to consist of 1 foreman, 1 helper, and 2 teams and drivers 
with 2 drag scrapers (of about 6 cu. ft. rated capacity each) and 1 plow. 
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Hourly cost of crew will be Sl.lO -f ?0.70 -f SI.30 X 2 = .$4.40 
Overhead = 10 per cent = 0 4-i 

Profit = 7 per cent of ?4.S4 = 0 34 

Totp.I hourly cost _ S5~18 

Foreman will help with work. Assume that one team and driver with 
the helper will spend 20 min. of every hour loosening soil with the plow. 
-Average load of drag scraper will be assumed to be 0.175 cu. yd. (about 
SO per cent of rated capacity). From Diagram 3-6, the output of one scraper 
would be 6 cu. yd. per hour (0.167 hr. per cubic yard). However, as one 
team will be^plowing one-third of the time, the output of the two scrapers 
will be 6 -w 73 X 6, or 10 cu. yd. per hour. Hence, the two scrapers will 
require 0.10 hr. to e.xcavate 1 cu. yd. 

Total number of hours required = 213 -s- 10 = 21.3 
Total cost = S5.1S X 21.3 = $110.33 
Cost per cubic j-ard = $110.33 -s- 213 = $5.1S -t- 10 = $0.52 
Cost per scraper for each hour that a scraper is working = 

S5.1S (1 -f %) = $3.11. 

Then the cost per cubic yard from Diagram 3-7 (page 552 with 0.167 hr. 
reouired per cubic yard, is about $0.52. 

30. Excavation vrith Tractor-drawn Scrapers. — ^The types of 
scrapers usually used with tractors are large Fresno or bulk 
scrapers, rotary Fresno scrapers, and four-wheel scrapers. 
Sometimes a tractor may pull more than one scraper, say two 
or three. 

The output will depend upon the capacity and number of the 
scrapers, the speed of the tractor, and the time required for 
loading, unloading, and turning at each end of the route. The 
capacity of a single scraper may vary from about 0.50 to 3.0 
cu. yd. for the Fresno scraper and from 0.5 to 8 cu. yd. and up for 
the four-wheel scraper. One tractor can handle one Fresno 
or one, two, or three four-wheel scrapers, depending on the 
capacity of the tractor, the size of the scraper, and the working 
conditions. Alany of the hitches of tractors to scrapers are 
arranged so that the driver of the tractor can operate the scrapers 
Goading and unloading) from the tractor. The tractors often 
have many as four forward speeds and one erse. The 
speed may var 3 '' from 2 to 3 m.p.h. in low gear up to 12 to 15 
m.p.h. or more in high gear. The speeds used wiU vary vith the 

conditions of the particular job. 

About 1 to 3 min. may be aUowed for turning and loading and 
for turning and unloading. The time required for traveling will 
depend upon the length of the trip (twice the length of haul) and 
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the average speed. The actual capacity of a scraper on the job 
may be taken as 75 or 80 per cent of the rated or measured 
capacity, unless other data are available. 

The cost per cubic yard -will depend mainly upon the hourly 
output and the hourly operating cost. The cost of transporting 
tractor’s and scrapers to and from the job is usually considered as a 
separate item. Total operating costs for a tractor, including one 
operator, may vary from SI. 50 to $4 per hour, depending on the 
size of the tractor and the wages of the operator. The cost of a 
scraper alone may vary from a few cents an hour for the simpler 
and smaller types up to about $0.50 per hour or more for the 
larger and more complicated types. 

When preparing an estimate, the steps are about as follows : 

1. Compute the cubic yards of each class and land of soil to 
be excavated. 

2. Determine the number of men and machines in the crew. 

3. Compute the hourly operating cost of the entire crew. 

4. Allow for cost of loosening soil (if necessary). 

5. Allow for transportation of machinery to and from the job. 

6. Estimate time required for one complete trip, turn and 
load, travel loaded, turn and unload, travel empty, and delays. 

7. Estimate amount of material (cubic yards) hauled per trip. 

8. Compute hours requii'ed to excavate 1 cu. yd. (or cubic 
yards per houi’). 

9. Compute cost per cubic yard of excavation. This cost 
may be itemized as desired. 

10. Compute total cost of excavation. This cost may be 
itemized as desired. 

There are so many variables involved in an estimate of this 
kind that it is difficult to prepare usable diagrams. The main 
variables are cost per hour and output per hour (depending upon 
capacity of scrapers and time required for a trip). 

Diagram 3-8 (page 553) shoAvs the relation between speed in 
miles per hour, length of loaded haul in feet, and hours required 
for a complete trip. Three minutes per trip are allowed for 
loading, unloading, turning at each end of the route, and minor 
delays. Average speeds, loaded and empty, are assumed to 
vary from 4 to 20 m.p.h. for hauls up to 5,000 ft. 

Diagram 3-9 (page 554) may be used for determining the cost 
per cubic yard Avhen the cost per trip and the yardage hauled per 
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trip are known. The cost per trip is equal to the cost- per hour 
multiplied by the hours per trip (as found in Diagram 3-8). 

Ulustrative Estimate. — Estimate the cost of excavating (digsing), 
transporting, and dumping 14,350 cu. yd. of loam. Length of haul averages 
1,700 ft. Use 4 tractors, each with 2 four-wheel scrapers of 2.50 cu. yd. 
rated capacity. Tractor operators can operate scrapers from machine. 
One bulldozer will be used at the dump to spread soil. On foreman wiU 
be required to superintend the operations, and 4 laborers will be supplied for 
shoveling and miscellaneous work. Foreman's wage is S1.70 per hour: 
laborer's wage is S0.90 per hour. Bulldozer costs -S4.50 per hour with oper- 
ator. One tractor with two scrapers costs .$7.00 per hour with operator, 
-■yi hourly rates include overhead. Cost of moving machinery to and from 
the job is estimated at S6S. .-Average speed of tractors when traveling is 
10 m.p Ji. 

Yardage is given as 14.350 cu. yd. 

Crew, 1 foreman = S 1.70 per hour 

4 laborers at .$0.90 = 3.60 

4 tractor outfits at .$7.00 = 28.00 
1 bulldozer at $4.50 = S 4.50 
Operating cost per hour = $37.80 

Imie for one trip, traveling = ^ = 0.0643 hr. 

' iU X o.^ou 

Loading, turning, etc. = 3 min. =0.05 hr. 

Total trip time =0.1143 hr. 

Yardage per trip per tractor = 2 X 2..50 X SO per cent = 4 cu. yd. 

For 4 tractors = 4 X 4 = 16 cu. yd. per trip 

Hours per cubic j-ard = 0.1143 16 = 0.00715 

Hours for the job = 14.350 X 0.00715 = 102.5 hr. 

Cost per cubic j-ard = $37.80 X 0.00715 = $0,270 

To this must be added the proportionate cost of moving machineiy' to and 
from the job. $68 14.350 = $0,005 

Total cost per cubic yard = $0,270 -r $0,005 = $0,275 

Total cost of job (without profit) = $0,275 X 14,350 = $3,950 
Check: $37.80 X 102.5 ri-'?68 = $3.8-80 4- $68 = .$3,948 
By using diagrams, from Diagram 3-S, horns for 1 trip = 0.1145, about 

^^37 80 

Cost of 1 trip (1 tractor and 2 scrapers) = - — j — X 0.1145 = $1,082 

From Diagram 3-9. cost per cubic yard (4 cu. yd. per tractor trip) = $0.2/ 
Total cost = $0.27 X 14,350 -F §68 = .$3,880 4- $68 = $3,948 

32. Excavation with Power Excavators and Movers. — ^The 
power excavators include such machines as power shovels, cranes 
with buckets, draglines, excavators, tower excavators, and ele- 
vating graders. The material may be transported by auto dump 
trucks or by tractors with crawler wagons. A tractor pulling 
one or trwo crawler wagons of four, five, or more cubic j'ards 
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capacity each is an economical arrangement when the quantity of 
earth to be moved is large, the haul comparatively short, and 
the road difficult. The large quantity handled per trip offsets 
the slow speed. Auto dumi3 ti-ucks are more economical for long 
hauls over good highways. Each of the power excavators men- 
tioned has its advantages and disadvantages, which determine 
its suitabilit}'^ for the particular Avork. 

Excavation with power excavators and movers is a problem in 
the combined handling and transportation of material such as 
was discussed in Art. 22 of Chap. IL The items of cost are the 
same as those mentioned in that article. For economy of 
operation and of costs, the types of power excavators and movers 
selected Avill depend primarily on the characteristics of the job. 
Enough movers should bo available to keep the excavator working 
full time AA-ith no AA’aits either on the part of the excaAmtor or of 
the movers. 

The sizes and capacities of poAA^er shoA-^els and dragline excaAm- 
tors are given in Table 3-5 in Art. 11 of this chapter. ElcAmting 
graders Amry somoAAdiat in size and capacity. Their capacity 
may range from 70 to 150 cu. yd. per hour. The capacity of a 
crane and bucket aaoII depend (as in the case of a poAver shoA’^el) 
upon the size of the bucket and number of bucket loads handled 
per minute or per hour. The hourly costs of operating shoA'^els, 
dragline scrapers, and cranes are approximately the same for 
machines AA-ith the same size of dipper, scraper, or bucket. In 
general, a power shoA’-el AAall handle a few more cubic yards of 
material per hour than a crane or a dragline scraper. 

The rated capacities of an auto dump truck vary from one to 
five or more cubic yards. The actual loaded capacity AAuth loose 
material AAill be about 75 or 80 per cent of the rated capacity 
(see Table 3-7). 

Before starting to prepare an estimate. Art 6 on Factors 
Affecting Excavation Costs and Art. 8 on Preparation of Excava- 
tion Cost Estimates should be reviewed. The estimate may be 
divided into 


Handling (labor and equipment) S 

Transportation (labor and equipment) 

Overhead (if not cared for otherwise) 

Profit (if to be included) 

Total S 
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The procedure for preparing an estimate is about the same as 
that outlined in preceding articles. 

1. Compute number of cubic yards of each class and kind of 
excavation. 

2. Select men and machines. The excavator selected will 
depend upon the quantity of excavation, kind of sod. and other 
job characteristics. The movers selected will depend on such 
things as length of haul, condition of road traveled, and kind of 
material. The number of movers should be just enough to keep 
the excavator busy. 

3. Compute cost of handling (dig^ng and loading and spread- 
ing at dump). The cost per cubic yard wiU depend upon the 
cost of operating the machine per hour and the number of cubic 
yards handled per hour by excavator and spreader. Allowance 
should be made for extra helpers when required. 

4. Compute cost of transporting material. This cost per 
cubic- yard will depend upon the hourly operating cost per truck 
or tractor and the quantity (cubic yards) of soil handled per hour. 
The quantity handled per hour will depend upon the capacity 
of the mover and the time required for a complete trip. The trip 
time will depend on the length of haul, the average traveling 
speed of the mover, and the time required for getting into position, 
loading- unloading, and delays. 

5. Overhead costs (if not included in either handling and 
transportation) are usually taken as a percentage of the total 
costs of handling and transporting the soil, ’^en computing 
overhead costs, the expense of moving machines to and from 
the job should be included, imless this item has alreadj* been 
included in the handling or transportation costs. 

6. Profit should be included if the job is complete by itself. 

7. The total cost and the cost per cubic yard may be itemized 
as desired. 

Diagrams may be used to reduce the computations required. 
For example. Diagram 3-10 (pageooo) may be used for estimating 
the cost of handling, such as digging and loading soil or of spread- 
ing soil at the dump when the hourly operating cost of a machine 
and crew are known and the output per hour may be reasonably 
assumed. Diagrams 3-11 and 3-12 (pages 556 and 557) may be 
used for estimating the transportation costs. Diagram 3-11 
shows the time required for one trip for vaning hauls and speeds. 
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The total time required for one trip, with 0.10 hr. (6 min.) 
allowed for getting in position, loading, dumping, and minor 
delays, is given by the right-hand scale. The traveling time 
required is given by the left-hand scale. The total time for one 
trip equals the traveling time plus the time allowed for loading, 
dumping, etc. "When a truck takes more or less time for loading, 
dumping, etc., than that allowed, the truck may increase or 
decrease its speed a little when traveling so that the correct time 
schedule can be maintained. See Diagram 2-9 for trip times 
with a time allowance of 0.15 hr. (9 min.) for loading, unloading, 
and minor delays. Cost of one trip equals cost per hour of 
mover times hours required for trip (see Diagram 2-10). Dia- 
gram 3-12 shows cost per cubic yard of transporting soil. If 
desired, diagrams like 3-8 and 3-9 ma 3 " be prepared for estimating 
the cost of moving earth b}’’ tractor-drawn crawler wagons where 
the haul is short and the cubic jmrds per trip are large. 

Some estimators prefer to consider the entire crew of men and 
machines as a unit and to compute the hourty cost of the unit 
and the amount of work done (cubic yards) per hour by the 
unit. The procedure in preparing an estimate by this method 
is about as follows: 

1. Compute number of cubic jmrds of each class and kind of 
excavation. 

2. Select machines and crew. 

3. Compute hourty operating cost of machines and crew, 
including excavator, movers, spreaders, helpers, foreman, etc. 

4. Compute cubic yards of soil dug, moved, and dumped 
per hour. 

5. Compute hours required for job (total yardage di^dded by 
hourly yardage). 

6. Compute operating total cost (cost per hour times number 
of hours). 

7. Add costs of overhead (especially mo\dng machines to and 
from job). 

8. Add profit. 

9. Sum up for total costs. Then get costs per cubic yard if 
desired. Or the last five steps may be as follows : 

5a. Compute operating cost per cubic yard (hourly cost 
divided by cubic yards per hour). 
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6a. Compute overhead (including moving machines) costs per 
cubic yard. 

7a. Compute profit per cubic yard. 

So. Total cost per cubic yard is sum of operating, overhead, 
and profit costs. 

9a. Total cost for job equals total cost per cubic yard times 
number of cubic yards. 

Diagram 3-13 (page 558) may be used for finding the cost per 
cubic v'ard when the hourly cost of machines (loaders and movers, 
etc.) and crews is known and the hourly output may be reason- 
abl 3 * assumed. 

33. Illustrative Estimates. — ^Two illustrative estimates foUow 
on excavation with power equipment and movers. 


Ulustrative Estimate. — Estimate the cost of excavating a basement for 
a store building. The basement is 90 by 50 ft. in size and averages 5.1 ft. 
in depth. The soil is ordinary dry loam. Workmen are available at 
SO.TO per hour, a superintendent at $2 per hour, H cn- yd. shovel at S5 per 
hour, 2.5 cu. yd. rated capacity autotrucks at S4 per hour, one bulldozer at 
.$4 per hour. Length of haul from basement to dump is 0.75 mile. Truck 
speed is 15 m.p.h. for the hauL General overhead (including cost of moving 
shovel) is to be assumed as 9 per cent of all other costs, and profit is to be 
figured at 8 per cent. 

Cubic yards = 90 X 50 X 5.1 -r- 27 = 850 cu. yd. 

Time aUonred for loading, dumping, etc. = 6 min. = 0.10 hr. 

Time for one trip = 0.10 hr. traveling -k 0.10 hr. load and dump = 0.20 hr. 
(12 min.) 

Net capacity of truck = 80 per cent of 2.5, or 2 cu. yd. 

Assume shovel to load one truck every 2.4 min. (0.04 hr.), or 25 trucks per 


hour. 

Number of trucks = trip time loading time = 0.20 -i- 0.04 = 5 trucks. 
Other crew members are 1 superintendent and 2 laborers at basement and 
1 bulldozer with operator at dump. 

Tardage handled per hour = 25 trucks X 2 cu. yd. = 50 cu. yd. 

Hours required for excavation = 850 -5-50 = 1 / hr. 

Handling crew cost per hour, 1 superintendent = S 2.00 

2 laborers at S0.70 = 1.40 

Shovel = 5.00 

Bulldozer = 


Total 

Transporting crew, 5 trucks 
Overhead = 20 per cent of 832.-10 
Profit = 8 per cent of S38.8S 
Total hourly cost 


= 812.40 per hour 
= 820.00 per hour 
= 6.48 per hour 

= 3.12 per hour 

= 842.00 per hour 
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The costs maj' be itemired as follows: 


Per Per 

Hour Qihic Yard Total 

Handling $12.40 $0.24$ $211 

Transporting 20.00 0.400 340 

Overhead.,,' 6.4S 0.130 110 

Profit 3.12 0.062 53 

Total $42.00 $0.$40 $714 


Diagram 3-13 shows abo\it $0.S4 per cubic yard for an hourly cost of 
$42.00. 

Diagram 3-10 shows about $0.17 for digging and loading and $0.0$ for 
spreading, or a total of $0.25 per cubic yard for handling. 

Diagram 3-11 shows total trip time .as 0.2 hr. (12 min.). 

Cost per trip = $4 X 0.20 = $0.$0 

Diagram 3-12 shows transporting cost as $0.40 per cubic yard. In this 
particular problem, the assumptions made are such that the arithmetical 
computations are easy. 

Diagrams arc useful in checking compute-d costs per cubic yard. 

Illustrative Estimate. — Estimate the cost of cxca-vating (digging). tr.ans- 
porting. .and dumping 14.350 cu. yd. of loam. Length of haul averages 
1.700 ft. Use an elevating grader (capacity 160 cu. yd. per hour) and trac- 
tors each pulling two 5 cu. yd, cr.awler wagons. Speed of tractors tnavcling 
is 10 m.p.h. Cost of elevating grader is given as $14 per hour and of each 
tractor with two crawler wagons is $5.50 per hour. 

Cost of supermtendent is $1.75 and of Laborers $0.00 per hour. 

All costs include gener.al overhead except cost of moadng machinery- to and 
from the job, estimated at $103. Actnal capacity of crawler wagon taken 
as 4 cu. yd. 

Yardage is given as 14,3'>0 cu. yd. 

Time for one trip = 3 min. for loading 

2 min. for unloading, turns, and delays 
4 min, for traveling 2 X 1,700 ft. at 10 m.p.h. 

9 min,, or 0.15 hr,, for a trip 

Tractors and wagons needed = 9 min. per trip 3 min, load = 3 tractors 
and 6 wagons 

Yardage per hour = 160. Hours required = 14,350 -t- 160 = $9.7 lir. 
Hourly cost: Supermtendent =$1.75 

Say 3 laborers = 2.70 

Elevatmg grader = 14.00 

Tractors and wagons = 16.50 

IMoving machinery ($103 -t- S9.7) = 1.15 

Total = $36.10 

Cost per cubic j'ard = $36.10 -t- 160 = $ 0.225 

Total cost = $6,225 X 14,350, or $36.10 X $9.7 = $3,230 
By checking on Diagram 3-13, cost per cubic yard is $0,225 and total cost is 
$0,225 X 14,350 = $3,230. 
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34. Excavation, of Rock. — The excavation of rock is a problem 
in the handling and transportation of materials. However, the 
work of excavating rock is somewhat different from that of 
excavating ordinary soil. Rock may be classed as soft, medittm, 
or hard, according to difficulty of drilling and blasting it. 

For computing yardage, measurements are taken of the rock 
as in its original position and before loosening. The volume will 
be larger after loosening and breaking; 1 cu. yd. of soM rock 
may be equal to 1.25 to 1.50 cu. j'd. measured loose. 

For more complete information in regard to rock excavation, 
the reader is referred to such texts as “Foundations, and Abut- 
ments Footings'* b 3 * Hool and Kinne; “Standard Construction 
Methods'* by Underwood; “Engineering of Excavation'*'* by 
INIassey; and “Handbook of Rock Excavation” by Gillette. 

The handling of the rock -will include the loosening, usually 
including drilling and blasting, and the breaking of larger pieces 
into smaller ones; the loading of the broken rock into vehicles for 
transportation; and the disposal by dumping or spreading at the 
end of the transportation route. 

The rock may be drilled bt* hand or machine drills and broken 
by plugs and feathers or bt' blasting. Large pieces may be 
broken into smaller ones by sledges, falling weights, blasting, 
or by drilling and blasting. 

The labor and explosives required for loosening 1 cu. yd. of 
rock will increase -vith the hardness of the rock. Open-cut 
rock excavation usually requires less labor and explosives than 
tunneling. The rate of drilling rock -vdll vary 'with the hardness 
of the rock; size of hole, equipment used, and skill of the work- 
men. The quantity of dynamite required for blasting 1 cu. yd. 
of rock -will vary from 1 to 2 lb. for soft rock in open cut up to 
about 8 or 10 lb. for hard rock in tunnels. 

'The equipment required for loosening rock ■will include various 
small tools, hand drills, sledges, machine drills, air compressors, 
and forges and apparatus needed for sharpening the 
drills. 

The cost of loosening rock will depend upon the labor-hourlj' 
wage and output, and the amoxmt and cost of the drilling and 
blasting materials and equipment needed. The cost of power 
drills, dynamite, supplies, and plant will vary from about 50 to 
100 per cent of the labor costs. The cost of rock excavation in 
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tunnels will be more than that in open cuts, because the hourly 
labor output will be less o^wng to restricted space, inconvenient 
working conditions, and longer waits and delays. 

The broken rock may be loaded into vehicles (barrows, carts, 
Avagons, trucks, cars on rails, etc.) bj’- hand labor or power equip- 
ment, depending upon the amount of material and the working 
conditions. PoAver equipment such as power shovels should be 
used AA^hen practical. The cost of loading Avill depend upon 
the hourly output in cubic yards and the hourly costs of labor 
and equipment. 

When estimating the labor required on smaller jobs, the 
drilling, blasting, and loading are often considered together. 
Table 3-11 giA’^es the approximate labor required. However, 
when preparing estimates for larger jobs, the estimate should be 
divided into loosening (drilling and blasting) and loading. 


Table 3-11. — Labor Required for Drilling, Blasting, aot) Loading 

Rock 


1 

Operation 

Cu. yd. per labor-hour 

Labor-hours 
per cu. yd. 

Soft 

Medium | 

Hard 

} 

Soft 

Medium 

Hard 

Hand drill, plug and 




1 



feathers 


inKSini 



17-33 

25-50 

Hand drill, blasting 


KfSE: 

0.03-0.06 

9-17 

12-25 

17-33 

Machine drill, plug 

1 






and feathers 




5-10 

8-13 

10-17 

Machine drill, blast- 







ing 




3- 5 

4-r 

5- 9 


Quantities measured are of rock in place in ground. 


Diagram 3-14 (page 559) shows the labor costs of loosening (by 
drilling and blasting) and loading (by hand labor) rock in excava- 
tion. The rock is considered as measured in its original position 
in the ground. Prom this diagram, the labor costs per cubic 
yard may be found when the labor-hours per cubic yard and 
hourly wage are knoAvn; or the total cost per cubic yard may be 
found when the labor-hours per cubic yard and the total cost 
per labor-hour (labor, equipment, overhead, and profit) are 
knoAvn. 
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The expense of dumping or spreading, as the case maj" be, -will 
depend upon the work to be done, whether hand or machine 
labor is to be used, and their costs. The costs of leveling and 
spreading broken rock will usually be higher than those for 
leveling and spreading ordinarj- soil, as the comparative output 
per hour will probably be less (see Art. 13 on Spreading Soil). 

The transportation costs will depend upon the time required for 
one trip, the load carried per trip, and the cost per hour or per 
trip. The time lost owing to delays may be quite large if the 
transportation equipment must wait for drilling and blasting 
operations. The work should be planned so that the dela 3 ''s will 
be a minimum. The transportation equipment used may be 
barrows or carts propelled b 3 ' men ; cars on rails and propelled bj- 
men, horses, motor equipment, or small engines; wagons drawn 
hy horses: wagons drawn bj* tractors; or trucks. The methods 
used for estimating transportation costs as explained in other 
articles of this chapter and of Chap. II maj- be used for esti- 
mating transportation costs of rock. 

The orcrhcad costs of rock excavation will be comparatively 
large because of the hazards of the occupation, special regulations 
to be met, and the higher costs of workmen’s compensation 
insurance. Overhead costs may range from 15 to 40 per cent 
of all costs, or from 20 to 60 per cent of the labor costs. 

The percentage allowed for profit should be somewhat higher 
than that for other excavation jobs because of the greater 
hazards and uncertainties. Profit may range from 10 to 25 per 
cent of aU other estimated costs. 

The costs of rock excavation may be siunmarized as follows: 
A separate estimate should be prepared for each kind of rock 
(soft, medium, and hard) and for excavation in open cut and 
tunneling. 

Cost per Total 
Item Cu. 'll d. Cost 

Handling, labor, and equipment S S 

Loosening, drilling, and blasting 

Loading 

Dumping, leveling, or spreading 

Transportation 

Overhead 

Profit 

Total 5 S 
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Factors Affecting Rock-excavation Costs . — When preparing 
cost estimates for rock excavation, the follomng items need 
consideration : 

Kind of rock, soft, medium, and hard. 

Amount of each kind of rock in cubic yards. 

Open-cut excavation or tunneling. 

Will bracing or timbering be needed? 

Will water have to bo cared for? 

Loosening method to be used (i.e., machine drilling and 
blasting?) 

Materials and equipment needed for drilling and blasting. 

Delays in drilling and blasting. 

Loading by hand labor or power equipment. 

Length of haul and kind of road for transporting broken rock. 

Transportation methods (barro\\'s, trucks, etc.). 

Equipment needed for transportation. 

Transportation delays, especially those caused by drilling 
and blasting. 

Disposal, dumping, leveling, spreading, etc. 

Special rules, regulations, and safety requirements to be com- 
plied with. 

Overhead expenses to be cared for. 

Profit to be charged. 

3B. Illustrative Estimate. — ^Estimate the costs of drilling, blasting, and 
loading into trucks for transportation of 43 cu. yd. of medium rock and 
27 cu. yd. of hard rock in open cut. Labor wage is SI. 30 per hour. Use 
machine drills and blasting. Assume cost of drills and blasting to be 55 per 
cent of labor costs for medium rock and 75 per cent for hard rock. Over- 
head is 42 per cent of labor costs, and profit is 18 per cent. 

Rock yardage, medium = 43 cu. yd., hard = 27 cu. yd. 

From Table 3-11, assume 5 labor-hours per cubic yard required for 
medium rock and 7 labor-hours per cubic yard for hard rock. 

Cost per Cubic 
Yard 


Item 

Medium 

Hard 

Labor 

. S 6.50 

S 9.10 

Equipment 

3.57 

6.82 

Overhead 

2.73 

3.82 

Profit 

2.30 

3.56 

Total per cubic yard 

. $15.10 

$23.30 

Cost of 43 cu. yd. of medium rock at S15.10 = S 

650 

Cost of 27 cu. yd. of hard rock at 

$23.30 = $ 

630 

Total cost 

= $1 

,280 
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If desired, the costs per cubic yard may be checked from Diagram 3-14. 
by using total costs per Labor-hour of (S1.30;(1.00 - 7 - 0.55 -r 0.42}(1.1S). or 
S3.02. for mcdhim rock, and of 'S1.30}<1.00 -b 0.75 -b 0.42)(1.1S). of §3.33 
for hard rock. From Diagram 3-14. by using §3.02 and 5 labor-hours per 
cubic amrd for medium rock, the cost is §15.10 per cubic j'ard. 

For hard rock, by using §3.33 and 7 labor-hours per cubic yard, the diagram 
gives a cost of §23.30 per cubic yard. 

Cost of 43 cu. yd. of medhim rock at §15.10 = S 650 
Co't of 27 cu. yd. of hard rock at §23.30 = 630 
Total cost = §1,2S0 
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PILING AND BRACING 
A. GENERAL DISCUSSION 

1. Kinds of Piles. — The two types of piles in general use are 
sheet and bearing piles. Sheet piles are used for bracing in 
trenches and excavation, retaining walls, and bulkheads. Their 
main purpose is to retain earth in place or to keep out water or 
earth as the case may be. Bearing piles are used for supporting 
loads. The materials commonly used for piles are wood, steel, 
and concrete. 

2. Placing and Driving. — Piles of all kinds may be placed by 
hand, gin pole, special derrick, special tractor crane, or pile- 
driver derrick or crane, depending on the size and weight of the 
piles and the equipment available. Machines should be used for 
placing large and hea^^’■ piles. 

Piles may be driven by hand labor and mauls, bj’" drop hammer, 
by power hammer, or by jetting. Only the smaller and shorter 
piles can be economically driven by hand. 

Drop hammers vdth pile-driver frames, guides or leads, 
winches, and engines were used considerablj’^ in the past. The 
drop hammers vary in weight from about 500 to 5,000 lb., 
and the fall from a few feet up to 20 ft. or so. The weight of 
hammer used depends upon the length and weight of the piles 
and the character of the soil. Drop hammers require the use of 
leads or guides. 

Power hammers suspended by means of a boom connected 
mth a derrick or crane are now frequently used for pile dri^dng. 
The crane may have hanging leads or guides or no leads at all 
if a templet is used. Very small power hammers may be held 
and operated by one or two men. The hammers may be driven 
by steam or compressed air and may be single or double acting. 
In a single-acting hammer, the ram is raised by steam and allowed 
to fall by gravity. In the double-acting hammer, steam is used 
to assist gravity on the fall or downstroke. With a single-acting 
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hammer, the number of blows per minute may vary from about 
50 to 75. "With a double-acting hammer, the number of blows 
per minute may varj' from 100 to 300, the smaller sizes being 
faster. The weight of the ram in a power hammer may vaiy 
from about 20 up to 10,000 lb., and the length of stroke from 
about 16 to 40 in. The total weight of a power hammer may 
varj’ from about 100 lb. to 20,000 lb. 

The Engineering News formula has been long used in connec- 
tion with pile driving by drop and power hammers. This 
formula is 


B = 


2TFA 
S + C 


where R — resistance of pile (load), tons. 

W = weight of ram, tons. 

S = set or penetration per blow, inches. 
h = fall of ram, feet. 

C = a constant. 

C = 1.0 for a drop hammer. 

C = 0.1 for a power hammer driving piles that are not 
comparatively hea^• 3 ^ 

C = O.lP/TF for a power hammer dri^^ng heavy piles. 

P = weight of pile, tons. 

This formula becomes 
For drop hammer, 


> _ 2TFA 
^ S + 1 


For power hammer, light piles. 


R = 


2TrA 

S + 0.1 


For power hammer, hea'v'y piles, 

2Wh 


B = 


S-h 


O.IP 

TF 


The formulas will give fairly good results for piles driven in 
soils that possess high internal friction without cohesion, such as 
sand, gravel, and permeable fills. The formulas may not give 
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good results for piles driven in soils possessing cohesion, such 
as fine-grained silts and soft clays. 

Jetting, or a combination of jetting vith a fight power hammer, 
may be advantageouslj’’ used for dri^dng piles into sand, gravel, 
or soft-packed clay. The jet water, imder pressure, loosens the 
material and carries it to the surface, as well as lubricating the 
surface of the pile. If possible, two jets should be used, one on 
each side of the pile. If one jet is used, it should be used first 
on one side and then on the other. The jet pipes should not be 
fastened to the pile, but should be kept mo^dng up and down as 
desired. 

Alignment of piles may be secured by fixed leads or guides on 
the pile-driver derrick, by hanging leads on a crane, by templets 
(usuallj’’ of timber), or bj'- other forms of timber frame guides. 
Leads are not needed when templets are used. 

3. Pulling. — spiles may be pulled by hand power with a lever 
arrangement, by jacks, by a fine run through a crane or derrick, 
or by inverted power hammers. Levers and jacks are suitable 
for small piles in soft soil, but power equipment is usuaUj'’ 
required for larger and longer piles and in medium or hard soils. 
Jetting aroimd a pile often helps in loosening the pile while it is 
being puUed upon. 

4. Other Operations. — Other operations connected with pile 
dri\dng are protection of the tops when d^i^’ing, use of foUow^ers, 
splicing and cutting off tops. 

Piles should be pointed for ease in dri\dng and protection of the 
lower ends. Special caps may be used if desired. Metal straps 
over the lower ends of timber piles are a protection. The top 
of the pile can be protected from the impact of the hammer bj’^ 
using a cushion of timber, old rope, old belting, etc. The 
cushion should protect the pile head but not absorb too much 
of the energy of the blow. A steel ring placed around the top 
of a timber pile will help to prevent brooming. In many cases, 
caps of metal are placed over the tops of piles to protect the 
pile heads from being shattered bj’- the blows of the hammer. 

A follower may be used when the pile is to be driven below the 
guides or below the ground or water surface. It may be a short 
pile or a cylindrical casting of some t^q^e placed on the top of the 
pile to transmit the force of the blow from the hammer to 
the pile. A follower protects the top of the pile to some extent. 
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Splicing of piies is necesssrv ttess exon Ions n3rs are reonired 
or ?rlieii there is a lack of headroom for driving- The oiies mav 
he spEced bv piecing a metal sleeve over the jcint or bv boldng 
Ssnplates on the sides. Lap mints are rarelv satisfact*^” 

P2es max require catting oT for several reasons. When, the 
top oi a timber pile is broomed, the broomed part must be 
removed. When piles cannot be driven as far as desired, the 
tops most- be cat oh to the proper height. Timber mav be 
saved; steel may be saved or cat vith a Same or torch, and con- 
crete may be cat vith a chisel and hammer or a pover to-ol. 

5. Factors Affecting P iling Costs. — ^ihe more important fac- 
tors ahecting the cost of piling are as foUovs: 

Kind of soil. Piles may be driven more easily in some kinds 
of soib than in others. Driving is easy in mad. silt, or soft loam. 
Soils like coarse sand, gravel, and hard pan oher much more 
r^istance to driving. 

Cost of piles and vaiing delivered at the job. 

Size and veight of pile. The greater the size and veight of the 
pile, the more the cost of driving. 

Depth driven. The greater the depth, the greater the cost. 

Spacing of piles. The spacing often determines the amount of 
moving of the pile-driving equipment. 

Alethod selected. The method chosen for placing and driving 
the piles should be suitable for the kind of soil encountered, and 
the kind, size, veight. and length of piles used. 

Equipment used. The plant or equipment used should be 
suitable for the soil encountered and the piles used. 

Total operating costs of the equipment. 

Amount of pulling to be done. 

Amount of other operations (splicing, straightening, cutting 
off tops, etc.) required. 

Skill and vages of foreman and crev. 

Special lavs and regulations to be complied Vidth. 

Overhead and profit. 

6. Preparation of Estiinates.— The cost estimate for piling is 
usuaUj* divided into materials, labor, plant or eouipmeiit, o%er- 
head, and profit. 

The cost of materials is the cost of the piles and ivaling delii - 
ered at the job. This cost includes the first cost plus the trans- 
portation to the job plus all incidental expenses connected uith 
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the first cost and transportation. If the piles are to be pulled, 
then the cost of transportation from the job to the storage yard 
must be added. Also if the piles are to be pulled and used again, 
then the salvage value should be deducted. 

The cost of labor will include the wages of superintendents, 
foremen, inspectors, and aU skilled and unskilled labor used on the 
job. 

The cost of the plant wiU be the proportionate share of the first 
cost plus interest and depreciation (or rental cost, if rented); 
cost of transportation to the job; erection costs; operating costs 
(including fuel, grease, power, minor repairs, and mo'^dng); 
takedown or dismantling costs; costs of transportation from the 
job; and major repairs. Operating costs may or may not 
include cost of operator. 

Overhead costs include such items as have been pre^dously 
mentioned in preceding chapters. Overhead costs may be based 
on labor alone, on labor plus plant, or on labor plus plant plus 
material as the case may be. The percentages usually allowed 
for overhead vdLL be comparatively high, say from about 15 to 
50 when based on labor alone. 

Profit is based on the sum of all other costs, the percentage 
often ran^g from 10 to 25. 

Perhaps the best way of estimating piling costs is to 

1. Compute aU material quantities and costs. 

2. Decide on crew, and compute hourly cost of crew. 

3. Decide on plant, and compute hourly cost of plant. 

4. Estimate member of piles handled per hour (placed, driven, 
pulled, cut off, etc.) hours required per pile, lineal feet per hour, 
or square feet of wall surface per hour as desired. Then com- 
pute total horns required for the job. 

5. Estimate amoimt of waling handled per hour (placed, 
removed), and compute hours required. 

6. Compute total labor and plant costs. 

7. Compute overhead costs. 

8. Compute profit. 

9. Obtain total cost for the job. 

Unit costs per pile, per lineal foot of piling, per square foot of 
piling surface, per lineal foot of waling, etc., may be computed as 
desired. 
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Some estimators prefer to make complete estimates for each 
class of work such as material costs, placing and driving, cutting 
off, and pulling for piling,* and material costs, placing, and 
removal costs for waling. Then the estimates for each class of 
work are summed up to obtain the total estimate. 

Tke estimate may be summarized about as follows: 

Unit Cost per Pile 
or per Square Foot 
of Wall Surface or 
per Lineal Foot Total 

Item of Pile Cost 

Materials $ § 

Labor 

Plant 

Overhead 

Profit 

Total 


B. SHEET PILIHG 

7. Materials for Sheet Piling. — ^Wood, steel, and concrete 
piling may be used. Wooden sheet piling is used up to lengths 
of about 20 or 30 ft., steel sheet piling up to 40 or 50 ft. or more 
as it may be spliced, and concrete sheet piling up to about 100 ft. 
Waling, bracing, and shoring materials are usually of wood, 
though other materials may be used. Wooden waling materials 
may vary from 2-in. plank up to 12-by-12 timbers. 

Wooden sheet piling may cost S30 to $120 per 1,000 ft. b.m. 
f.o.b. plus transportation to the job. Wooden waling and shoring 
prices are about the same. The salvage of wooden sheet piling 
and waling may range from about 40 to 90 per cent. Thick- 
nesses of wooden sheet piling are 2, 3, or 4 in. with vridths of 
4, 6, 8, 10, or 12 in. Common sizes of wooden sheet piling are 
2 by 6, 2 by 8, and 3 by 8. Lengths are usually available up to 
20 ft. The piles may have plain edges or may be tongued and 
grooved. Wakefield sheet piles are made by nailing or bolting 
three planks together so that the middle plank forms a tongue 
and groove. These piles may be 5, 8, or 11 in. thick and 6, 8, 
10, or 12 in. wide, depending on sizes of plank used. 

Diagram 4-1 (page 560) may be used for estunating the cost of 
wooden sheet piling. 
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Steel slieet piling costs about $2 to S3 per 100 lb. (base price) 
at tbe mill s plus transportation to tbe ,iob. Costs at tbe job 
may range from about S3 to S5 per lOO lb. Tbe salvage of steel 
sheet piling may range from 70 to 95 per cent of tbe number used. 
Steel sheet piling may vaiy in net uidth from about 7 to 20 in., 
about 15 or 16 in. being common. I/engths up to about 50 ft. are 
usually available. Weights may vaiy from about 12 to 60 Ib. 
per lineal foot, or from 15 to 40 lb. per square foot of mall. Cor- 
rugated sheet steel piling may be obtained in lighter meights. 
Steel maling and accessories for steel sheet piling may cost S3 
to S6 per 100 lb. (base price) plus transportation to and from 
the job. 

Diagram 4-2 (page 561) may be used for estimating the cost of 
steel sheet piling. 

Reinforced concrete sheet piling may cost about S20 to S50 per 
cubic 5 *ard (say from So to SIS per 1,000 lb.), plus transportation 
from casting yard or station to job. Reinforced concrete piling 
Trill Treigh about 4,000 lb. per cubic yard, or 150 lb. per cubic 
foot. This piling is usually priced at so much per pile, rrith 
dimensions, mix, reinforcement, etc., as specified. Concrete 
sheet piling is rarely used when it is to be pulled later. Concrete 
sheet piles are usually rectangular in shape vith tongue and 
groove joints. Grooves may be grouted after driving to improve 
Tratertightness. Thickness may vary from about 6 to 12 in. 
and midths from about 12 to 30 in. Concrete piles may be made 
in almost any length, the length being limited by the facilities for 
transporting, handling, and driving. Concrete sheet piling is 
economical as to cost mhen it is to be left in place and mhen the 
loads to be restrained are comparatively large. 

Whenever possible, the sheet piling and bracing should be 
designed by a competent engineer. Then the amoxmts and 
kinds of the materials may be more accurately computed. 

8. Labor for Sheet Piling. — The size of the crerr used in sheet- 
piling TTork may vary from 3 or 4 men Trith one vrorkman acting 
as straw boss or foreman up to 10 or 12 men under a foreman or 
superintendent, depending upon the particular job, size and 
weight of piles, and the plant used. 

Tor hand driving with mauls or a light-weight (20 or 25 lb.) 
power hammer, a crew of about three or four men is usually 
satisfactory. For driving with a medium-weight power hammer. 
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a crew of four to srs: men may be satisfactory. A larger crew 
is usually required for long heavy piles and heavy equipment. 

For pulling, a crew of three or four men may be used with hand 
equipment such as levers and simple block and tackle. A crew 
of four or five men or more may be needed with a power hoist 
and an inverted hammer, depending on size and weight of the 
piles. 

For waling, a crew of two or more men should be used, depend- 
ing on the amount of waling to be done and the size of the timbers 
used. The amount of waling cut, framed, and placed per labor- 
hour may vary from about 12 to 75 ft. b.m., or from 13 to 80 
labor-hours may be required per 1,000 ft. b.m. About 150 to 
400 ft. b.m. may be removed per labor-hour, or 2.5 to 7 labor- 
hours will be needed for remo^Tng 1,000 ft. b.m. 

The amoxmt of work done per man per hour will vary greatly 
depending on the various factors mentioned in Art. 5 on Factors 
Affecting Piling Costs. Perhaps the best way is to base the 
estimate on the number of square feet of wall surface per labor- 
hour with kind of soil, depth driven, and equipment used as 
variables. Note that the kind of soil does not affect labor for plac- 
ing. For sheet piling, approximate labor outputs are as follows: 

TabIiE 4-1. — AppEOXEiiATE Labob ReqliIBEd roK Sheet Piling 


Operation 

Square feet 
of surface* 
per 

labor-hour 

Labor-hours 

perlOOsq.ft. 

of 

surface 


15-30 

3-7 


10-40 

2.5-10 


15-50 

2-7 




* This refers to the sorface area of the trail or of one side of the pile. 

Diagram 4-3 (page 562) may be used for estimating the labor 
costs for sheet piling. 

9. Equipment or Plant for Sheet Piling. — ^The amount, kind, 
and size of equipment used (and the costs also) will vary with 
the kind of soil and the size, weight, and length of the piles. 

For placing light (and comparatively short) wooden and steel 
sheet piling, no equipment is required as the placing may be 
readily done by hand. The placing of longer and heavier piles 
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may be done by the pile-driving equipment, or by separate 
equipment such as gin poles, derrick, or cranes. A crawler crane 
is very satisfactory. 

The equipment used for driving may be hand mauls and 
sledges, light power hammers handled by one or two men, 
drop hammers mth frames and hoisting equipment, medium 
power hammers suspended by a crane or derrick, or heavy 
power hammers with heavy frames and other equipment. When 
practical, the equipment should be mounted so that it may be 
readily moved as required. 

The equipment used for pulling may be rope and hand lever 
of timber, block and tackle, jacks, hand hoists, power hoists, or 
inverted power hammers as the case may be, depending on the 
difficulties encountered in starting and pulling the piles, such as 
kind of soil, depth driven, and weight of pile. 

The cost of the equipment used will vary from a few cents per 
hour for simple hand equipment up to several dollars per hour 
for the larger types of power equipment. Costs of transportation 
of equipment to and from the job and of erection and dismantling 
must be included. Operating costs may or may not include 
wages of operator and helpers. For example, the hourly oper- 
ating cost of a small power hammer (25- to 100-lb. ram) with 
an air compressor (including fuel and compressor operation) 
will be about $2 to $5 per hour. A crawler crane and operator 
for handling and placing piles may cost S2 to §7 per hour. A 
medium-weight power hammer with a crane and power equip- 
ment mth two men may cost about $7 to §15 per hour. Larger 
power hammers and equipment with two men may cost about 
SIO to S25 per hour. Drop hammers with frames and hoists 
and two men may cost about $10 to $25 per hour, depending on 
weight of hammer and size of frame. 

Diagram 4-4 (page 563) maybe used for estimating the plant or 
equipment costs for sheet piling. 

10. Overhead and Profit. — Owing to the hazards accompany- 
ing sheet-piling work, the percentages assigned to overhead and 
profit are comparatively high. As stated in Art. 6 on Prepara- 
tion of Estimates, percentages for overhead may range from 
15 to 50 per cent when based on labor costs alone or from 10 to 
30 per cent when based on labor and plant costs. Profit usually 
ranges from 10 to 35 per cent of all other costs. 
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11. Wooden Sheet Piling Estimates. — ^Planks 2 in. thick are 
commonly used for wooden sheet piling. However, when the 
depth is fairly great, the load restrained is fairly large, or when 
the wales are spaced some distance apart, thicker piles, say 
3 or 4 in., should be used. In general, 2-m. plank is suitable for 
depths up to 10 or 12 ft.. .3-in. plank for depths from 10 to 20 ft., 
and 4-in. plank for depths from 13 to 23 ft., depending on con- 
ditions. Wooden sheet piling is rarely used for depths e.xceed- 
ing 20 ft. 

Rangers should be spaced apart horizontally from 3 to 6 ft. 
The spacing should be closer near the bottom of the excavation. 
For excavation up to 10 ft. deep, 4-by-4 or 4T-by-6 rangers spaced 
not over 4 or 5 ft. apart with braces not over 6 or S ft. apart will 
usually be satisfactory. For excavations up to about 15 ft., 
6-by-6 or O-by-S rangers may be needed. Excavation over 
13 ft. in depth may require S-by-S or larger timbers. Sizes of 
cross braces in trenches will vary from 4 by 4 for a trench width 
of 3 or 4 ft. up to about 8 by S for a trench width of 12 ft. or so- 
Diagram 4-1 shows the cost per square foot of wooden sheet- 
piling for varying thicknesses of pUes and costs per 1,000 ft. b.m. 

Tasls 4-2 . — Avpnn xnr Laboe Octpct foe Ixstallixg TToodex 

Sheet Pujxg 


Sq. ft. of surface | Labor-hr. per 100 
I per hr. per man ' sq. ft. of surface 
Depth Method i_ i 


driving. 

ft. 

of 

! driving 

f 

r 

1 

5 

) Place, drive. 
1 and brace 

1 

Place, and ^ 

! drive onlv 

1 ' 1 

Place, 
drive, 
and brace 

Place and 
drive only 

o 

f i 

' Bv hand with 

1 

; 10-16 

i 14-25 1 

6.0-10.0 

4.0- 7.0 

10 

i maul 

i 9-14 

i 12-20 i 

7.0-11.0 

5.0- S.5 

15 

J , 

! 

i S-12 

! 

1 10-16 [ 

S. 0-12. 5 

6.0-10.0 


! 

[ Bv liaht power , 

! 12-20 

‘ 16-30 1 

5.0- 8.0 

3.0- 6.5 


t lisrnmfcr ' 

10-lS ! 

! 1-4-27 ! 

5.5—10.0 

3.7- 7.0 


f ! 

' S-16 j 

i 13-24 j 

6.0-12.5 

4.1— 7.5 


[ I 

‘ 7-15 

S 12-22 [ 

6.5-14.0 

4.5- 8.5 


Two-inch plank may be driven by hand in fairly soft soil up 
to 6 or 8 ft. in depth. A light power hammer is usually required 
for greater depths and for harder soils. Wooden sheet piles 
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may be driven all the way by hand when it is possible to keep 
the excavation at or near the foot of the piles. 

The approximate labor output for man per hour for placing, 
driving, and bracing wooden sheet piling is given in Table 4-2. 
One gang is supposed to consist of two to four men. 

The approximate labor output for removing braces and pulling 
piling for a gang of two to four men is given in Table 4-3. 


Table 4-3. — Apphoximate Labor Output for Removing Wooden Sheet 

Piles 


Depth 

pulled, 

ft. 

Method 

of 

pulling 

Sq. ft. of surface 
per hr. per man 

Labor-hr. per 100 
sq. ft. of surface 

Piling and 
bracing 

Piling 

only 

Piling and 
bracing 

Piling 

only 

5 

! 

By hand with 

20-40 

25-50 

j 

2. 5-5.0 

2. 0-4.0 

10 

timber lever or 

18-35 

23-45 

3. 0-5. 5 

2. 2-4. 5 

15 

puller 

15-30 

20-40 

3. 5-6. 5 

2. 5-5.0 

10 

By block and 


23-45 

2. 8-5. 5 

2. 2-4. 4 

15 

tackle and hand 


20-40 

3. 3-6. 2 

2. 5-5.0 

20 

hoist on gin pole 

14-26 

18-35 

3.8-7. 1 

2. 8-5. 6 

25 


12-23 

16-30 

4. 3-8. 3 

3. 3-6. 2 

10 

Start with power 

23-50 

28-60 

2. 0-4. 3 

1.7-3. 6 

15 

hammer and pull 

21-46 

25-55 

2. 2^. 8 

1. 8-4.0 

20 

bj’’ power hoist 

19-42 

23-50 

2. 4-5. 3 

2. 0-4. 4 

25 


17-38 

21-45 

2. 6-5. 9 

2. 2-4. 8 


Diagram 4-3 shows the relations among hourly labor wages, 
labor output per hour, and costs per square foot of surface. 
This diagram may be used either for placing and drhdng or for 
pulling the sheet piles when the hourly output per man per hour 
can be reasonably assumed. 

Equipment costs will depend on equipment used. For hand 
driving by mauls and pulling by timber levers, an allowance of a 
cent or so per labor-hour will usually be satisfactory. A small 
power hammer (20- to 25-lb. ram) with an air compressor (and 
no special operator) may cost about SI an hour plus transporta- 
tion to and from the job. Gin poles with block and tackle or 
other hand hoists may cost about S0.25 to SI an hour plus 
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iransportation. A heavier power hammer ( 533 - with a ram from 
100 to 500 lb.) with a movable crane, compressor, fuel, and one 
operator ma 3 ' cost about S-3 to §S per hour plus transportation. 
When the equipment must be erected and later dismantled, these 
costs must be included. Overhead and profit percentages will 
varv about as stated in Art. 10 on Overhead and Profit. 


12. Illustrative Esumate. — Prepare a complete estimate or the cost of 
installiiig and removing wooden sheer piling and bracing for an excavation 
GO ft. wide. 100 ft. long, and 10 ft. deep in fairly soft soil. The sheet piles 
are 2 by S in. in size by 12 ft. in length (the piles must be 2 ft. longer than 
the excavation depth). 

Wales are 2 lines of 6- by 6-in. timbers. 

Braces are 3 bv* S in. in size, and there are required 34 each of lengths of 9 and 
12 ft. 

Stakes are 6 by 6 in. in size and 6 ft. long and 34 are needed. 

Cost of lumber is ?1CK) per 1,000 ft. bmu delivered at the job. 

Salvage value is estimated at 60 per cent. 

Cost of trucking lumber from job to contractor’s yard and piling is S2.10 
per 1.000 ft. bun. 

Spikes (estimated at 20 lb. per 1,000 ft. bun.) cost §0.07 per pound. 

Labor wage is $1.00 an hour. 

Piles are to be band driven by mauls and hand pulled by a timber lever. 

All overhead costs, including all insurance and supervision, is assumed as 
30 per cent of the labor cost. 

For profit, 10 per cent of the total costs is to be allowed. 

Materials estimate: 


Sheet piling = (100 -blOO -f 60 -b 60)12 X 2 
Wales = (100 -flOO -b 60 -f 60)2 X 

Braces = 34(^^)(9 -b 12) 

Stakes = ^ 

Allow about 5 or 6 per cent for waste, say 
Total 

Say 12,300 ft. bjm. at -8100 per 1,000 
Deduct salvage value of 60 per cent 


= 7,6S0 ft. bun. 

= 1,920 ft. bun. 

= 1 ,428 ft. bun. 

= 612 ft. bun. 

11,640 ft. bun. 

= 660 ft. bun. 

= 12,300 ft. ban. 

= $1,230 
= 73S 


Xet cost of Irrmber 
Spikes. 20 X 12 X $0.07 

Trucking costs for taking pulled piling and bracmg to con- 
tractor’s yard and piling = 12.3 X $2.10 
Total material costs 

Labor costs of placing and driving piles and installing 
bracing, E.sumed at 12 sq. ft. of wall surface per man 


= $ 492 
= 17 

^ 

- = § 535 
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per hour, or 8.33 labor-hours per 100 eq. ft. of Trail sur- 
face = (100 -h 100 + 60 + 60)12 X $1 X 0.0833 = $320 

Labor costs of remoTung wales and pulling piles, at 30 sq. 
ft. of surface per man per hour, or 3.33 labor-hours per 
100 sq. ft. of wall surface 

= (100 4- 100 + 60 + 60)12 X $1 X 0.0333 = 128 


Total labor cost = $ MS 

Overhead at 30 per cent of labor cost = 134 

Total costs except profit = $1 , 117 

Profit at 10 per cent = 112 

Total estimate for job = $1,229 


Cost per square foot of wall surface = $1,229 3,840 = $0,329 

If desired, separate estimates could be prepared for the piling and for the 
bracing (see Art. 17 of this chapter on Timber Bracing for Cofferdams). 

13. Steel Sheet Piling Estimates. — Steel sheet piling varies 
considerably in net width and in weight per square foot of pile. 
Extreme ranges in width are from about 7 to 20 in., with 15 of 
16 in. being common. Pmnges in weights are from about 15 to 
40 lb. per square foot of wall, depending on the horizontal thrusts 
to be resisted bj’" the piling and the bracing proAuded. Steel 
sheet piling should be used where watertightness of the wall is 
essential. As steel sheet piling may be pulled and used man}^ 
times, from eight or ten to fifty, it is economical for use when 
compared vith other materials. As steel piling maj' be readil 3 * 
spliced, it may be driven to a considerable depth. Lengths of 
piling (without splices) are available up to about 40 or 50 ft. 

Bracing for steel sheet piling is often required, and should be 
proidded about as for wooden sheet piling. Sometimes the 
heaTuer weights do not require bracing, and in some instances the 
bracing timbers ma 3 ' be larger and spaced farther apart. 

As steel sheet piling is sold bT*- the poimd, it is necessary* to know 
the length of pile, net width of pile, and weight per foot of length 
or per square foot of surface when preparing estimates. As 
preriousK' stated, the price of steel sheet piling is about S2 to 
S3 per 100 lb. at the mill plus freight and other transportation 
charges to the job. The salvage value is very high, ranging 
from about 70 to 95 per cent. Steel sheet piling ma^' be rented 
at a cost of SI to $2 per 100 lb. plus transportation. 

Diagram 4-2 .shows the relation among the co.«t of steel .4eet 
piling per 100 lb., the weight per square foot of wall .surface, and 
the cost per .square foot. 
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The approsiniate outputs per labor-hour for placing, driving, 
and bracing steel sheet piling and for removing the bracing and 
pulling the piling is about the same as that for wooden sheet 
piling for like depths. Tables 4-4 and 4-5 give approximate 
values. 


Tasle 4-4. — Appeoxeiati: Labor Ourpur fop. Ixst.alijxg Steel Sheet 

Piling 



} 

\ 

j Sq. ft. of surface 

; Labor-hr. per 100 

Deptli 

Method 

1 per hr. per man 

i 

1 sq. ft. of surface 

driven. 

ft. 

of 

driving 

i 

1 Place, 
drive. 

Place 

and 

t 

1 Place, 

! drive, 

F 

1 Place 
■ and 



) and brace 

1 

drive 

; and brace 

: drive 

5 

By hand with 

10-16 

■ 

{ 6.0-10.0 

4,0- 7.0 

10 

maul 

9-14 

12-20 

1 7.0-11.0 

5.0— 8.5 

15 


S-12 

10-16 

{ S. 0-12. 5 

6.0-10.0 

1 

10 ) By light power 

12-20 

16-30 

1 5.0- S.O 

3.3- 6.5 

■ 

hammer 

10-lS 

14-27 

1 5.5-10.0 

3.7- 7.0 

20 


S-16 

13-24 

1 6.0-12.5 j 

4.1- 7.5 

25 ; 


7—15 

12-22 

S 6.5-14.0 1 

4.5- 8.5 

10 j 

By medium power 

14-25 

20-35 

4.0- 7.0 i 

2.8- 5.0 

20 ! 

hammer with 

12-22 

17-31 

4.5- S.5 i 

3.2- 6.0 

30 1 

crane or derrick 

10-20 

1-1-2S 

5.0-10.0 [ 

3.6- 7.0 

40 


s-is ; 

12-25 

5.5-12.0 : 

4.0— S.O 

50 1 

1 

7-16 [ 

10-23 

6.0-14.0 ’ 

1 

4.3-10.0 


Diagram 4-3 may be used for estimating labor cost per square 
foot for either placing, driving, and bracing, or remo^-ing bracing 
and pulling steel sheet piling. 

Equipment costs will vary greatly depending upon equipment 
used. These will be about the same as those stated in the 
preceding article. For power hammers with hea%5er rams than 
those mentioned, the hourly costs ndll be greater. Transporta- 
tion costs to and from the job and erection and takedown costs 
should not be omitted. 

Overhead and profit percentages will be about as stated in 
Art. 10 on Overhead and Profit. 

Contract figures on steel sheet piling work in 1945 gave prices 
ranging fronr 80.75 to 82.30 per square foot of wall surface, 
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P3es vv-ill be piiUed by a gang of 3 men v.-ith a timber lever. 
^^ages of men are $1 per hour. 

Overhead costs are 30 per cent of labor costs. 

Profit is 10 per cent of total costs. 

Materials estimate. 

Sheet piling = (100 4- 100 -f 60 -f- 60; 12 X 23 = SS,320 lb. 

3^0 

Cost of piling less salvage = - ■ X $3.70(1.00 — 0.95) = $163 


Tracking to and from the job 
Cost of steel piling 


SS.320 


X $0.8-5 X 2 =75 


= $238 


6X6 


Wales = (100 -f- 100 -f 60 d- 60)2 X = 1,920 ft. b.m. 

Braces = 34^^—^^ (9 ^12) = 1 ,428 ft. b.m. 


Stakes 




Total lumber 

Aliotv 6 per cent for vaste 

Total 


Lumber co: 


.-t fitaooY, 

Vi.ooo;' 


$100(1.00 


= 1 ,428 ft. b.m. 

= 612 ft. ban. 

= 3,960 ft. ban. 

= 240 ft. bon. 

= 4,200 ft. bon. 

= $168 


Trucking to yard 4.2 X $2.10 = 9 

Spikes and bolts = ^ 

Cost of waling and bracing = $192 

Cost of materials = $ 43C 

Cost of labor for placing and driving pOes and placing 

. . , , - /S1--10 -r 3 X Sl^ 

bracmg at an average hourly wage or I 7 I. 

or $1.10 per hour, and an assumed output of IS so. ft. 
of wall surface ner hour, or 5.5 labor-hours per 100 sq. ft. 
of wall surface, will be 

(100 -b 100 -b 60 -r 60)12 X $1.10 X 0.055 = -$232 
Cost of removing and nulling with 3 men at $1 per hour 
and 3.33 labor-hours per 100 sq. ft. of wall surface (30 
so. ft. per hour) 

= (100 -b 100 -b 60 -b 60)12 X $1 X 0.0333 = 128 

Total labor cost ~ ^ 

Hours for driving and bracing (4 men) 

(100 -b 100 -b 60 -b 60)12 ^ 
lS">r4 

Cost of equipment = .53.33 X $1-20 -b S< — /I 

Overhead at 30 per cent of labor cost 1^ 

Total costs except profit ~ ^ 

Profit at 10 per cent ~ 1 - ^ 

Total estimate for job ~ ’ 

Cost per square foot of wall surfaces = $1,066 3,840 = $0.2/8 


= $ 430 


= 71 

= lOS 
= $ 969 
= 97 

= $1,066 
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If desired, separnfe estimates could be prepared for the piling and bracing 
(see Art. 17 of tliis chapter on Timber Bracing for Bulkheads). 

Note: By comparing this cost •with that found for wooden sheet piling 
in the illustrative estimate of the preceding article, it is seen that the steel 
piling is cheaper according to the data given. If cheaper wooden sheet 
piling were available, the material costs would be reduced. In general, 
wooden sheet piling is often chc.aper than .steel sheet piling for depths of 
15 or 20 ft. or le.ss and in soils in which wood plank of 2 to 3 in. in thickness 
may be used. Steel sheet piling is often cheaper than wooden .^hcet piling 
for depths in c.vccss of 20 ft. and also when a thickness of 4 in. or more is 
required for the wooden piling. 

16. Concrete Sheet Piling Estimates. — Concrete .sheet piling 
is often used when the piles are to remain in place. These piles 
are, in general, larger and heavier than most sheet piles of wood 
or steel. Consequent!}', power equipment is u.sed for placing 
and driving. This piling is usually sold at so much per pile, 
■vnth length, dimensions, and other details being specified. 
Approximate estimates of the co.st per square foot of wall surface 
for reinforced concrete sheet piles \\’ill varj' largely with the 
thickness of the pile, other factors being constant. This cost 
may range from about $0.35 to $0.85 per square foot of wall 
surface for piling 6 in. thick to $0.55 to $1.30 per square foot for 
piling 12 in. thick. Concrete sheet piling may be designed to 
resist horizontal thrusts either wth or wthout waling and 
bracing. 

Labor and equipment costs of placing and driving a reinforced 
concrete sheet pile may be comparatively high because of the 
larger size and heavier weight when compared with wooden and 
steel sheet piles. Heavier and sturdier equipment must be 
pro\dded. However, when the sheet piling is to be left in place, 
reinforced concrete sheet piling is sometimes economical when 
compared •vsdth the wood and steel sheet piling of equal strength. 

The same methods may be used for estimating the cost of 
concrete sheet piling as were used in the two preceding articles, 
due allowance being given to the heavier weight of the pile and 
the stronger equipment needed for handling and dri'^'ing. The 
output per labor-hour mil usually be a little less than the values 
given in Table 4-4. 

When preparing the estimates, allowances must be made for 
grouting, if this is required for making the joints waiertight, 
and for cutting the tops of the piles to grade. 
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16. Trench-pBing and Bracing Estimates . — The bracing 
required in trenches will vary from none when the walls are firm 
and the trench is not deep to skeleton bracing when onlw a few 
braces are needed, to iight sheet piling in soft sod. to fairlv 
heavy sheet piling and bracing in very soft and loose soil. 

Skeleton piling and bracing consist of placing planks (usually 
2 by 4. 2 by 6. or 2 by 8), either vertically or horizontallv. every 
few feet on the opposite sides of the trench and using braces 
(2 by 4 or 4 by 4) between the planks to keep them in position. 
The planks may be placed closer together or farther apart as 
conditions require. The cost of materials for skeleton bracing is 
not great,, as comparatively little material is required and this 
can be almost all salvaged. The labor cost is also small as the 
planks and braces can be put in place by the diggers as needed 
without taking but a few minutes of their time out of each hour. 
The cost of skeleton piling and bracing is sometimes included in 
the estimates of cost of digging and of tools, no separate estimate 
being made. 

Light piling and bracing is usually composed of wood and may 
be put in place as the trench is dug. The planks used for sheet 
piling are placed vertically and close together. TTales and cross 
braces are used to keep the piling in place. The costs of such 
piling and bracing may be estimated according to the method 
given in Art. 11 on Wooden Sheet Piling Estimates and using 
comparatively high labor outputs per hour both for placing and 
removing piling and bracing- The planks used for piling are 
usually 2 by 6 or 2 by S in size, the wales may be 2 by 6 or 4 by 4 
in size, and the cross braces about 4 by 4. 

^Medium and heavy sheet piling and bracing for trenches may 
consist of either wood or steel sheet piling with wooden wales and 
wooden or steel cross braces. This sheet piling is usually placed 
and driven as the trench is dug. In very soft or loose soils, the 
bottoms of the piles should be kept a few inches or more below 
the bottom of the trench. With soils not quite so loose, the 
trench mav be first duE a little below the bottoms of the piles and 
then the piles may be driven as far as the trench bottom. In 
this method, the driving is much easier than driving the pilp 
into the soil in advance of the digging. The method git en in 
Art. 11 on Wooden Sheet Piling Estimates may be used for 
estimating the costs of placing, driving, bracing, and remot-ing 
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the sheet pihng and braces, due consideration being given the 
kind of work. The sheet piling may be a light steel piling if 
water is to be kept out, or 2-by-6 or 2-by-8 planks if the trench 
is not too deep (say 8 or 10 ft. or less) or the horizontal thrust of 
the soil too great, or 3 by 6 or 3 by 8 for deeper trenches and 
greater soil pressure. Timber 4 in. thick or Wakefield piling 
may be used if needed. Wales are 4 by 4 or 4 by 6 in. in size and 
spaced from about 5 to 3 ft. apart as the depth of the trench 
increases. Cross braces 4 by 4 or 4 by 6 in. in size should be 
placed in contact mth the wales and about 8 to 5 ft. apart; the 
deeper the trench, the closer the spacing. 

17. Timber Bracing for Cofferdams. — Timber is usually used 
for the bracing in cofferdams. This bracing usually consists of 
horizontal rangers braced by horizontal struts extending across 
the cofferdam in one or both directions. In some instances, 
diagonal braces are used at the corners and at ends where the 
cofferdam is rectangular in shape, with horizontal braces in one 
direction. Vertical wales, struts, or posts may be required to 
keep the horizontal members in place. 

The timbers used for cofferdam bracing vdll be comparatively 
large so as to carry the load, prevent buckling, and provide 
free spaces in which the men and machines may work -without 
too much interference. The timbers used may vary from about 
4 by 4 to 12 by 12 in. in size. 

The amount of material required is usually expressed in feet 
board measure, -Rath size and length given. To determine the 
correct amount, a complete take-off should be made showing all 
sizes and lengths. Some allowance must be made for cutting and 
waste. This allowance may range from about 5 to 15 per cent. 

The cost of the material -^411 be the first cost less salvage value 
plus transportation to and from the job, as the case may be. 

The labor required -nail vary -ndth the skill of the crew, the size 
of the timbers to be handled, and the working conditions. Car- 
penters and handy men are usually satisfactory. Labor costs -ndll 
depend upon the items mentioned and the labor wage. Timbers 
from 4 by 4 to 8 by 8 in. in size may be placed and removed by 
hand. For larger timbers, a derrick or crane -will usually be 
needed. The labor required is given in Table 4-6. Installing 
includes cutting, framing, and erecting. 
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The equipment used \\dll varj' \\-ith the tools available, size of 
timbers and number of them. The usual hand tools such as 
saws, hammers, axes, and bits and braces vdll always be needed. 
Power tools, such as portable power drills and power saws, should 
be pro%ided when practicable as they will save much hand labor. 
A stadonaiy* power saw is sometimes used to saw the timbers to 
e.xact lengths. A hand hoist, derrick, or crane is helpful in 
handling (placing and remo\'ing) medium- and large-sized 
timbers. For the larger Jobs and larger sizes of timbers, a power 
hoist of some kind (derrick or crane) is desirable. 


Table 4-6. — Labor Reothred for Ixst.vllixc a.vd Revo\7.vo TijrBER 

Bracing in Cofferdams 


i 

Size of 
timber ^ 

i 

Crane or 
derrick 

1 Installing | 

Removing 

j Ft. b.m. 1 
j per hr. 

> 1 

1 Hr. per | 
il.OOOft.b.m.i 

Ft. b.rn. 
per hr. 

i Hr. pf-r 
1.000 ft. b.m. 

4 by 4 

j None 

1 

1 20-50 

20-50 , 

250-100 

; 2. .5-4.0 

Gby G 

i None 

16-40 

25-05 i 

200-350 

' 3, 0-5.0 

8 by S 

1 Xone ! 

12-30 

35-S5 ! 

150-300 

; 3 . .5-G . 5 

Sby S 

I 5'es 

20-40 

25-50 

200-3.50 

. 3. 0-5.0 

10 by 10 

"i cs 1 

1S“35 

30-5.5 , 

17.5-300 ’ 

' 3. 5-6.0 

12 by 12 j 

re. 

1 15-30 

3.5-70 ’■ 

1.50-2.50 

4 . 0-7 . 0 


The co.=t of equipment will vaiy* vith the kind and size of tooh 
and machines used. The cost of small hand tools may bo a few 
cents per daj' per laborer. A hand lioist may cost up to ?0.05 
or 80.10 per hour. Sm.all power tools such as drilb and saws 
may each cost 80.05 to 80.20 per hour. N hand d'-rrick or cnano 
ma^- cost 80.20 to 80.50 per hour, and a small power (hwrick or 
crane m.ay cost 80.25 up to 81.50 per hour with operator extra 
(or 81.50 to 84 per hour with one operator). The-'f' en-ts an- 


approximate. 

As thi.s tvpe of work is h.azardou-^ and often diflirult to fstiinat'' 
acouratelv, the labor cstim.ate should be lib'-rah ‘Ik- ov< r.’n-ad 
fairly hiph (say 15 to 50 per cent when ba-ca on labnr ce-t-). 
and the profit reasonably hiph <*-ay 10 to 55 je-r c-t'.t >. 

The items onterim: into a complete e.-}inia?4’ vriH b.' matt .-hd'. 


labor, pl.ant or equipment, overh'-ad. atni profit. 
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C. BEARING PILES 

18. Materials for Bearing Piles. — The materials commonly 
used for bearing piles are wood, steel, reinforced concrete, and 
combinations of steel and concrete such as a steel shell filled with 
concrete. 

Wooden beaiing piles are usually round and tapered in shape, 
about 6 in. in diameter at the small end and 12 to 20 in. in 
diameter near the butt, and vary in length from a few feet up to a 
maximum of about 90 ft. Wooden bearing piles are usually 
priced at so much per hneal foot, this unit price varying with 
the size and length of the pile, the nearness to the source of sup- 
ply, and the transportation to the job site. For example, in 
December, 1945, the price of shortleaf pine piles f.o.b. cars New 
York were approximately as follows: 


j 

Dimension ! 

! 

Length, 

feet 

Price per 
lineal foot 

Points, 

inches 

2 ft. from 
butt, inches 

6 

12 

30-50 

SO. 34 

6 

12 

50-59 

0.35 

6 

12 

60-69 

0.36 

6 

14 

50-69 

0.41 

6 

14 

70-79 

0.43 

5 

14 

80-85 

0.54 

5 

14 

j 

85-89 

0.57 


Steel bearing piles, usually of I or S structural sections, have 
been used satisfactorily in many places, the H sections (some- 
times called CB or WF sections) being preferred. According to 
the steel companies, load tests and life tests were very satisfac- 
tory. Steel piles are adaptable when they can be driven through 
loose, unstable soil or fill to a relatively hard strata, when con- 
siderable penetration in hard driving material is required, when 
extremely great penetration is necessary to secure adequate 
bearing capacity, and where piling may be susceptible to attack 
by borers or other insects. The size of the H sections may vary 
from about 8 by 5)4 in., net area of 5.00 sq. in., and a weight of 
17 lb. per lineal foot up to about 36 by 16^ iii-> net area of 88 
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sq. in., and a weight of 300 Ib. per lineal foot. The sections are 
readily obtainable in lengths up to about 40 ft., and may be 
spliced. Prices are the same as those for structural shapes, and 
are equal to mill base prices, plus extras, plus freight and other 
transportation. iNIill prices usually range from $2 to 83 per 
100 lb. Dealer prices in large cities may range from §2 to So 
per 100 lb. Transportation from dealer, railroad yard, or con- 
tractor’s yard to the job will vary with the length of haul and 
other conditions. The resulting price of steel bearing piles at 
the job may vary from about S3 and up per 100 lb. 

Kemforced concrete and combination steel and concrete bear- 
ing piles of various tj-pes have been designed, made, and used. 
Concrete bearing piles of the larger sizes and lengths (up to 100 
ft. long) are economical. Prices are usually quoted at so much 
per pile f.o.b. at the casting yard, with dimensions, mix, rein- 
forcement, and other details as specified. Transportation 
charges to the job must be added. Prices per cubic yard of 
reinforced concrete may range from S20 to SoO per cubic yard 
(say from So to S13 per 1,000 lb.), depending on cost of concrete 
materials, reinforcement, forms, labor, etc. 

19. Labor for Bearing Piles. — ^The labor required for placing, 
dri^•ing, and other operations connected with bearing piles will 
depend upon the kind of soil, size of pile, depth driven, and 
equipment used. These conditions vary so greatly on different 
jobs that it is practically impossible to give any general rules by 
which the labor may be estimated. Some authorities have tried 
to estimate the labor required per lineal foot of driven pile with 
allowances for soil conditions and size of pile. Other estimators 
have tried to estimate the labor required per pile, with allow- 
ances for soil conditions and size and length of pile. When 
there are a large number of piles of about the same size to be 
driven to about equal depths, either method is satisfactory. 
The second method (labor per pile) is more satisfactory when 
there are several sizes of piles to be driven to unequal depths. 

The crew required will vary greatly, depending on the partic- 
ular job. For example, on a job using small piles, the crew may 
consist of an operator, a foreman (working with men), and one 
to three helpers. The operator may act as foreman in some 
cases. For medium-sized piles, there may be a foreman, one or 
two operators, depending on equipment used, and two to six 
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helpers. T^lth large hea^* 3 ’' piles, there ina 5 ^ be a foremaB, an 
operator or two for the pile driver, an operator for the crawler 
crane for handling and placing piles, and four to ten helpers. 

Diagrams 4-5 and 4-6 (pages 564 and 565) may be used for 
estimating labor costs for bearing piles. 

20. E(iuipment or Plant for Bearing Piles. — ^The equipment or 
plant required for bearing piles will be about the same as that 
required for sheet piling except that heamer and larger equipment 
maj’- be needed for the hea'^'ier and larger piles. 

The time required to drive a bearing pile is usually greater 
than that required for a sheet pile, because whereas a sheet pile 
is driven to a certain depth, the bearing pile is driven until a 
hard stratum is reached or imtil the pile is judged capable of 
bearing the desired load. The time required to drive a bearing 
pile the last few feet is much greater in proportion. Xote 
formulas given for bearing piles in Art. 2 on Placing and Drhdng. 

The equipment used maj^ be a derrick and drop hammer, a 
crane and power hammer, or a jet with a crane and hght hammer. 
The pile-driving equipment ma 5 ’- be used for picking up and 
placing the pOes, or separate equipment (such as a crawler 
crane) may be used. Cushions or caps are required to protect 
the pile tops in driTidng. Followers ma}’' be needed when the 
piles are to be driven below the surface of the water or of the 
ground. Leads and guides are usually required unless a suitable 
templet (saj’- of timber) is promded for aligning and guiding the 
piles. Sometimes other equipment is required to straighten 
the piles as they are driven. The equipment selected should be 
suitable for the kind of soil, and the size, weight, and length of 
the piles. Some equipment may be needed for cutting the 
tops of piles and capping them. 

The cost of pne-dri-sung eqmpment will vary greatly with the 
size and kind used. The cost is usually given as so much per 
hour, including fuel, power, operator, and minor repairs. Trans- 
portation to and from the job, erection and dismantling, general 
repairs, and the general overhead are usually added as separate 
items. Approximate hourly operating costs for pile-driving 
equipment may vaiy from about $2 to $4 per hour with one 
operator to SIO, $15, $20, or more per hour with one or more 
operators. The cost of a crawler crane with one operator maj^ 
vary from about $2 to $7 per hour. Jetting equipment with 
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pumps and an operator may cost about S3 and up per Iiour. 
The costs of templets, guides, blocking, timbering, etc., must 
not be omitted. 

Diagrams 4-7 and 4-S (pages 566 and 567) may be used for 
estimating plant or equipment costs for bearing piles. 

For jetting operations, pumps of adequate capacity are needed 
because volume of water is more important than pressure. The 
size of pipe usually varies from 1.5 to 2.5 in., and the size of the 
nozzle from 0.5 in. up to the size of the pipe (f.e., no contraction). 
Two pipes and nozzles with hose and other connections should 
be provided. The maximum water pressure at the pmnp may 
vary from 100 to 225 lb. per square inch, and the volume of 
water discharged from 50 to 200 gal. per minute (say 50 to 
150 gal. per minute per pipe). A suitable water pump and 
equipment with power and one operator may cost 32 to $5 per 
hour (depending on capacity of pmnp (and number of jet pipes), 
plus transportation to and from the job. 

The rate of driving piles may vary from 50 lin. ft. or more per 
hour for small piles in soft soil up to only a few feet per hotn- for 
the larger, heavier, and longer piles in hard ground. In pre- 
paring estimates, the time required to drive one pile, the number 
of piles driven per hour, or the average number of lineal feet 
driven per hour may be chosen. The accuracy of the estimate 
will depend upon the estimator's judgment and his experience 
on somewhat similar jobs. 

Some outputs are as follows: 

220 wooden piles, 65 ft. long, in 9 hr. in rery so/f ground. 

100 to 200 piles, about 40 ft. long, in S hr., in soft ground. 

20 to 60 piles (average 35), 35 to 40 ft. long,- in 8 hr., in medium 
soiL 

10 to 35 piles, about 50 ft. long, in 9 hr., in fairly hard soil. 

21. Overhead and Profit. — As pile-driving operations are 
hazardous and dificult to estimate as to time and cost, the per- 
centages allowed for overhead and profit should be comparatively 
large. For overhead, the percentage may range from 15 to 50 
when based on labor costs alone, or from 10 to So when based on 
cost of labor and equipment. The percentage charged for profit 
mav range from 10 to 25 of the sum of all other costs. 

22. Bearing Pile Estimates. — The different items affecting 
the costs of piling were discussed in Art. 5 on Factors Affecting 
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Piling Costs. As stated in Art. 6 on Preparation of Estimates, 
the main items are, matcriahs, labor, equipment or plant, over- 
head, and profit. The wa}' of estimating piling costs given in 
that article may be followed, using houns required per pile 
(or piles per hour), or hours per 100 lin. ft. (or lineal feet per hour) 
in step 4. Some estimators prefer to compute the hourl}" costs 
of crew (labor) and plant considered together, and to estimate 
the output of this crew and plant in hours per pile, piles per 
hour, or lineal feet per hour. 

Some prices (1945) gleaned from various sources follow: 


Piles Driven in Place Per Lineal Foot 

Untreated timber piles, small .S0.51-.S1 .05 

Untreated timber piles, small 0.63— 1.20 

Treated timber piles, small 0.S5- 1.55 

Untreated timber piles, merlium 1.50- 1.85 

Treated timber piles, 32 ft 1.50- 1.80 

Treated timber piles, medium 1.5-1- 2.75 

Treated timber piles, GO ft 1 .80- 2.00 

Treated timber piles, large 1 .85- 2.20 

Douglas fir piles, 80 ft 2.15- 2.75 

Treated timber piles, verj* large 3.00- 5.20 

Steel be.armg piles, 40-50 ft 2.80- 4.40 

Reinforced concrete piles, 30—45 ft 3.50- 6.00 

Reinforced concrete piles, large 5.00- 8.00 


The prices varj^ greatl}', ranging from about SO. 50 per lineal 
foot for small wooden piles up to about $5 per lineal foot for 
fairly large piles, ^’'er^'- large and heat' 3 ’^ concrete and steel 
piles tviU be more e.xpensive. 

Diagrams 4-5 to 4-10, inclusive, (pages 564—569) show relations 
among hourly costs of crew, hourlj’- costs of plant, hourly costs 
of crew and plant, hours per pile (piles per hour), hours per 100 
lin. ft. (lineal feet per hour), costs per pile, and costs per lineal 
foot. 

The following three bearing-pile estimates were based on 1939 costs. To 
bring the estimates up to 1946 cost levels (approximateb'), the main items 
should be increased by about the following percentages: 

Materials delivered at the job site: timber, 45 per cent; steel, 25 per cent; 
concrete, 35 per cent. 

Labor: all labor costs should be increased bj* about 50 per cent. 

Equipment: all equipment costs should be increased bj’’ about 30 per cent. 

Overhead: all overhead costs should be increased bj^ about 50 per cent. 

Profit: no change in this percentage. 
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III these three estimate no allovrance is made for job hazards, imavoidable 
delays, labor troubles, and other unforseen difficulties. 

23. UlustratiTe Estimate on Wooden Bearing Piles. — ^Estimate the cost 
in place of 2-SS wooden bearing piles each 40 ft. long and costing S0.3S per 
lineal foot f.o.b. siding. Cost of transporting to job is S0.92 per pile. Cost 
of suitable pile drrrer (crawler crane and power hammer) and operator is 
$5 per hour. Cost of transportation to and from the job is §34. Cost of 
templet, etc., is estimated at §42 for the job. Crew is composed of 1 fore- 
man at §1.50 per hour and 4 helpers at §0.S0 per hour in addition to operator 
of pde drirer. Overhead is 2S per cent of aU labor costs, and profit is to be 
computed at 12 per cent of ail other costs. Soil is medium with rock at 
40 ft., requiring the ends of the wooden piles to be provided with metal caps 
at a cost of §0.23 per pile. 


Material Costs: 

Cost per pde = (§0.3S X 40) -f -§0.92 4- -?0.2S 
Cost per lineal foot = §16.40 -t- 40 
Cost of 2SS piles = §16.40 X 2SS 
Labor costs (operator included with equipment) ; 

Hourly cost of crew = §1.50 4* (§0.SO X 4) 

Assuming this crew and equipment to place and drive 
3 piles per hour in this soil (0.333 hr. per pile), hours 


§16.40 

§0.41 

.§4,723.20 

§4.70 


required — 2SS X 0.333 


= 

96 

Labor cost = §4.70 X 96 



§451 .20 

Cost per pile = §-151.20 2SS 


= 

1 .567 

Cost per lineal foot = §1.567 -r- 40 


= 

0.0392 

Equipment costs: 

Crane and hammer = $-5 X 96 


= 

.§4§0.00 

Templets 


= 

42.00 

Transportation 


= 

34.00 

Total 


= 

§556.00 

Cost per pile = §-556 -s 2SS 


= 

1.931 

Cost per lineal foot 


= 

0.04S3 

Overhead costs = §451.20 X 2S per cent 

= 

§126.34 

Cost per pile = §126.34 2SS 


= 

0.439 

Cost ner lineal foot 


= 

0.0110 

Profit = (§4.723.20 4- 451.20 4- 556.00 

4- 126.34) 

X 12 per 


cent 


= 

§702. Si 

Cost per nile 


= 

2.440 

Cost per lineal foot 


= 

0.0610 

Summary: 


Cost per 

Cost per 

Total 

Item Lineal Foot 

Pile 

Costs 

Materials 

-§0.4110 

.§16.400 

§4.723.20 

Labor 

0.0392 

1 .567 

451.20 

Equipment 

0.04S3 

1.931 

556.00 

Overhead 

0.0110 

0.439 

126.34 

Profit 

0.0610 

2.440 

702. SI 

Total 

§0.5695 

522.777 

§6.559 55 
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long and costing S-37 each at casting yard plus §1.40 each for transportation 
to job. Cost of suitable pile dirrer (crawler crane and power hammer) and 
operator is §7.25 per hour. A small crawler crane and operator at §-3.25 
per hour will be used for handling piles at job. Cost of transportation of 
equipment to and from job is §62. Cost of templets is estimate at §42 for 
the job. Crew is composed of 1 foreman at §1.50 per hom and 6 helpers at 
§0.80 per hour in addition to operators for pile driver and crane. Soil 
is medium with rock at 40 ft. depth. 

Material costs: 


Cost per pile = §37.00 4- §1.40 


= 

§38.40 

Cost per lineal foot 


= 

0.96 

Cost of 128 pfles = §38.40 X 128 


= 

4.915.20 

Labor costs (operators included with equipment) : 



Hourly cost of other labor = §1.50 4- 

(§0.80 X 6) 

= 

§6.30 

Assume this crew and equipment to place and drive 1.6 


piles per hour (0.625 hr. per pile). 




Hours required = 128 X 0.625 


= 

SO 

Cost of labor = §6.30 X SO 


= 

§504.00 

Cost per pile = §504 -5- 128 


= 

3.9375 

Cost per lineal foot 


= 

0.0984 

Equipment costs (7.25 4- 3.25}£C 4- 42 - 

■h 62 


§944.00 

Cost per pile = §944 ^ 12S 


= 

7.375 

Cost per lineal foot 


= 

0.1844 

Overhead costs. §504.00 X 28 per cent 


= 

§141.12 

Cost per pile 



1.103 

Cost per lineal foot 


= 

0.0276 

Profit (§4.915.20 4- 504.00 4- §944.00 4 

-§141.12) X 12 per 


cent 


= 

§780.52 

Cost per pile 


= 

6.09S 

Cost per lineal foot 


5= 

0.1525 

Summary: 

Cost per 

Cost per 

Total 

Item Lineal Foot 

Pile 

Cost 

ilaterials 

§0.9600 

§38.400 

$4,915.20 

Labor 

0.09S4 

3. 938 

504.00 

Equipment 

0.1844 

7.375 

944.00 

Overhead 

0.0276 

1.103 

141.12 

Profit 

0.1525 

6.09S 

780.52 

Total 

.§1.4229 

.§56.914 

§7,284.84 


Xote that the labor costs of the two operators are included in the equip- 
ment costs and not in the labor costs. 

The material costs of the piles, wages of men. and equipment costs selected 
in these three illustrative estimates were not based on actual jobs. The 
data assumed were chosen, not for the purpose oi comparing the costs of 
these three t\-pes of bearing piles, bur for the purpose of illustrating the 
preparation of cost estimates for bearing piles. 
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CONCRETE 

1. Estimating Concrete Work in General. — concrete con- 
struction job may be divided into the following divisions or parts 
in regard to quantities and units: 

1. Excavation in cubic yards (see Chap. Ill for excavation 
estimates) . 

2. Forms in square feet of form surface. 

3. Concrete in cubic yards or cubic feet. 

4. Reinforcing steel in pounds or tons. 

5. Finishing in square feet or square yards. 

6. Curing in cubic yards or cubic feet, or in square yards or 
square feet. 

The plant, overhead, and profit items may be readily appor- 
tioned among these six divisions, though some estimators prefer 
separate divisions for overhead and profit. The cost of cleaning 
up should not be omitted but should be preferably included in 
the overhead costs. 

Each of these six divisions may be subdivided as follows: 

a. Materials in units suitable for each kind of material. 

h. Labor. 

c. Plant. 

d. Overhead. 

e. Profit. 

Most concrete work is estimated by the unit-quantity method 
instead of by the total-quantity method. Most form work is 
estimated in square feet of form surface, reinforcing steel in 
pounds, concrete in cubic yards, and finishing in square feet. 
Unit costs are first found, and then total costs are found for 
each item by multiplying unit costs by the number of units. 

When it is desired to prepare estimates using the unit-quantity 
method and for different classes or kinds of concrete, the cost per 
cubic yard (or other suitable unit) of each class of concrete is 
computed. For example, in a reinforced concrete building the 
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classes of concrete would be foundations and footings, columns, 
beams and girders, floor slabs, etc. Then when preparing an 
estimate for one class, such as the columns, the estimator would 
compute costs per cubic yard and total costs, including such 
items as forms, reinforcement, concrete, finishing (if any), and 
curing. This method is used when it is necessary to submit bids 
or estimates of different kinds of concrete in place. 

A complete list of materials, known as the take-off, is first 
prepared. The estimator tabulates all the different materials 
as to kind, number, size, weight, volume, or other units used. 
The selection of units for different materials will be explained in 
more detail in later paragraphs. 

When estimating material costs, the costs of the materials at 
the job are usually computed. This cost includes first cost, 
freight, unloading, cartage, storage, inspection, testing, and 
insurance. 

In estimating the quantity of labor required for an}* unit of 
work, the total number of labor-hours for each class of labor and 
each kind of work is listed. Total labor costs for any unit of 
work are found by multipljdng the hours estimated for each 
class of labor by the corresponding wage rate per hour, and then 
adding results. 

The selection of the plant to be used on any particular concrete 
job often depends upon the machinery and tools that the con- 
tractor has available for that job. Sometimes new equipment 
must be piuchased, and this should be considered when esti- 
mating costs. 

Plant costs usually include costs of transportation, installa- 
tion. maintenance and repaiis, operation, removal, interest on 
investment, and depreciation (proportionate part of the first cost 
of the plant). The labor costs of machine operators, such as 
hoisting engineers or firemen, are often included in the plant 
costs. For concrete work, plant costs are usually computed for 
each unit quantity or work, say per square foot or per 100 sq. ft. 
of form surface for forms, or per cubic yard of concrete, for e.xam- 
ple. Some estimator prefer hourly rates for the plant, based 
on the total time the plant is held available for the job, on the 
actual operating time, or on a combination of both. 

Overhead costs include such general office and other labor 
costs that are not considered as direct productive labor on the 
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job. Other costs included are insurance, rents, office stationeiy, 
expense of plans and specifications, interest, legal expenses, 
traveling expenses, sundries, etc. These overhead expenses are 
often apportioned to the several parts of the job according to the 
sum of the materials, labor, and plant costs, or according to the 
labor costs of these parts. Overhead costs on concrete work maj’’ 
range from 10 to 35 per cent of the sxun of the materials, labor, 
and plant costs or from 20 to 50 per cent of the labor costs alone. 

Estimates for profit usually vary from 8 to 15 per cent of the 
total costs. 

The estimating of excavation was covered in detail in Chap. 
Ill, and vill not be considered iu this chapter. 

A. ESTIMATmG FORMS 

2. Units of Measurement. — ^The unit of measurement for 
forms should be the actual area in square feet of the surface of the 
concrete in contact mth the forms. The estimated materials 

Table 5-1. — Units of Measukementb foe Foems 
Forms For • How Measured 

Floors Total area in square feet 

Walls Total area in square feet. Forms may be 

placed on one or both sides 

Columns Circumference of the column in feet times the 

net height in feet from floor to floor 

Column caps, drops, bands, 

etc Total area in square feet 

Roofs Total area in square feet. When the slope of 

the roof with the horizontal exceeds 25 deg., 
the upper side of the roof requires forms 

Footings Total area in square feet of concrete surface 

next to forms 

Beams and girders Total area in square feet. For a beam, this is 

equal to the net length between columns or 
supports times the sum of the breadth and 
twice the depth 

Staging and bridging No definite rule=. Total number of thousand 

board feet required should be computed 
Moldings and <‘or::icc‘ ... Total number of lineal feet. Other dimensions 

should be noted 

Window sills and coping-.. Total number of lineal feet. Other dimeusions 

should be noted 

Total area in square feet, composed of area of 
the undeicide, areas of ends, and areas of 
risers 


Stairs 
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for forms should include materials for struts, posts, bracing, 
bolts, wire, ties, oding, cleaning, and repairing, but should not 
include materials for staging and bridging. Forms for each 
difierent part of the structure should be listed and described 
separately. Forms for moldings, -windo-w sills, and copings are 
measured by the lineal foot. ITo deductions in form measure- 
ment are made for openings having an area of less than 25 sq. ft., 
because the extra labor in forming around the openings mil often 
cost more than the value of the lumber saved. FTo aUoTvance is 
made for construction joints except in very large structmes such 
as dams. 

3. Materials for Wooden Forms. Quantities . — The appro.xi- 
mate quantities of materials required for wooden forms of 
different types are given in Table 5~2. 

Table 5-2. — ^AppEoxiirA.TE Qn.iuXTiTrES or Matehials Requieed eoe 
100 Sq. Ft. of Forii Stuiface of New Woodex Fofais 


Bind of forms 

Lumber, 

board 

feet 

Nails, 
bolts, 
and wire, 
pounds 

Footings and piers 

200-350 

6-11 

Walls and partitions 

i 200-270 

6- 9 

Floors 

} 1S0-2S0 

6- 9 

Roofs 

‘ 200-300 1 

6-10 

Columns j 

190-320 

6-11 

Column cans j 

200-400 

6-12 

Beams and girders 

300-700 

8-16 

Stairs 

300-600 

8-14 

Molding and comice* 

20O-S00 

6-15 

Sills and lintels* 

250-SOO 

7-14 


* Per 100 lin. ft. 

When the work permits the re-use of certain types of forms, 
perhaps 50 to 80 per cent of these forms may be used again after 
repairs have been made. The extra lumber required for form 
repairs may vary from about 40 to 200 ft. b.m. per 100 sq. ft. of 
form surface. 

On some job-:, the form lumber may be salvaged and used for 
other purposes. From 20 to 80 per cent may be so used, depend- 
ing upon the job and the damage done in stripping and cleaning. 
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If tlie form surfaces arc fo be oiled, tlie amount of oil required 
may be estimated at lo 1 100 SQ- ft- <5^ form surface. 

Staging and bridging sbo\ild be estimated separately for eacli 
job. No general values can be given for tliis Avorb. 

Costs , — The cost of form lumber delivered at tlie job may vaiy 
from about SPS to $130 per 1,000 ft. b.ni. The cost of ordina:ry 
plyrrood, f-g or in. tliick, may range from about $70 to $120 
per 1,000 sq. ft. Special concrete-form grade fir pl.^nvood. 4- 
by S-ft. panels, five-pl.v, sanded tvo sides, Avater-resistant glue, 
carload lots, per 1,000 sq. ft, of surface may cost from about 
$90 to $140. ]\Iany contractors prefer tins special form plyvrood 
because of its higher sah'age value, lower labor costs, and better 
surface when compared with ordinaiy lumber sheathing. 

There is usually some salvage A'alue of the old form lumber. 
l^Tien there is no sahmge A'alue, the costs will be comparatively 
high. The sahmge A*alue of the old fomt lumber may be 20 to 
SO per cent of its original cost, depending upon care exercised by 
the workmen, and the possible uses to which the old lumber may 
be put. The salvage value of special concrete form plywood 
may range from 50 to 90 per cent. 

Nails, bolts, and Avire Avili cost about $0.05 to $0.07 per pound 
on the aA'erage, when purchased in quantity. The cost of nails, 
bolts, and tvire AviU varj* from about $0,35 to $0.90 per 100 sq, 
ft. of form surface. 

Oil for oiling forms Avill cost a few cents per 100 sq, ft, of sur- 
face, say $0.03 to $0.07, depending on land and price of oil. 

Material Diagra777 , — ^Diagram 5-1 (page 570) may be used for 
estimating the materials cost of wooden forms when the cost per 
1,000 ft. b.m. is knoAvn and the number of board feet required for 
1 sq. ft. of form surface may be reasonably assumed. 

4. Labor for Wooden Forms, Qiianiific.s , — The approximate 
amounts of labor required for various types of wooden forms are 
given in Table 5-3. 

In general, the labor-hours per lOO sq, ft, of form surface Avill 
be less when special concrete fir plywood is used than when plain 
boards or shiplap are used. 

Oiling or wetting the form surface Avill require a few minutes 
to about an hour for each 100 sq, ft, of form surface. 

Staging and bridging should be estimated separately for each 
job, and no general values for this work can be given. 
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T.vbls 5-3. — ^Afphoxdiaxe L.iBOR-EorEs RransED fob 100 Sq. Ft. of 
FoRii Suhface foe Woodhk Fofjis 


Kiads of forms 

1 

s Labor-hours per 100 sq. ft. of form surface 

1 1 
' Assemble \ 

I 

Erect 

1 Strip and 
j clean 

f 

i 

Pvepair 

Footines and piers 

... 3-7 1 

2-4 

1 - 

2-5 hr. for 

Walls and partitions 

... 5—9 S 

3-5 

t 2-5 

all types 

Floors 

. . .; 3- s i 

2-i 

i 2-1 


Roofs 

...1 3-9 ' 

2-5 

i 2-1 


Columns 

...‘ 4- s ; 

2-4 

1 2-1 


Column cans 

— ■ 5-1 1 1 

3-7 ' 

1 


Beams and girders 

...* 6-10 

3-1 

[ 


Stairs 

...' 6-12 ' 

4-S 

1 3—5 


Molding and comice* 

5-11 , 

3-9 

3-5 


SiUs and lintels* 

...; 4-10 1 

3-6 

1 3-5 



• Per ICO !™. it. 


Costs . — ^Fonn -work is often all done by carpenters; but vrben 
possible, a combination gang of carpenters., handy men, and 
ordinaiy laborers should be used to save expense. The propor- 
tion of the diSerent classes of laboring men will vary in any gang, 
but one-third carpenters, one-third handy men or rough car- 
penters. and one-third laborers will not be far from the average. 

The average cost of laborers will be about as follows: car- 
penters §1 to §2 per hour, handy men or rough carpenters 
-SO-SO to $1.60 per hour, and laborers $0.65 to $1.25 per hour. 
TTaaes wiU vary at different times and in different localities. 
Labor costs per man-hour for a combination gang consisting of a 
foreman, carpenters, handy men, and laborers will range from 
about $0.90 to $1.85. 

Foremen will cost $1.50 to $-3 per hour, and a good superintend- 
ent $2.50 to $5 per hour. 

Luhor Diagram . — ^The labor costs for forms are shown in 
Diagram 5-2 (page 5/1)- The diagram may be used for deier- 
mining the labor cost per square foot for form surface for ^y 
Mnd of work relating to forms, such as assembling, erecting, 
stripping, cleaning, and repair, or any combinations of thece 
tiods of work. To use this diagram, ihe labor wage per hour 
and the labor-hours required per 100 sq. ft. of form surface must 
be known or assumed. For example, assume that the hourly 
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wage is SO. S3 and that the labor-hours required to a.s.seinblc, erect, 
strip, and clean the forms for 100 sq. ft. of form surface arc 6.5. 
Then, from the diagram, (he labor co.s( per square foot of form 
surface is .$0,054. 

6. Plant. — The plant used will depend on the. size of the job and 
the equipment available. On comparativclj’’ small jobs, a few 
workbenches and the hand tools for (he carpenters will be all 
the plant needed. On large jobs, sheds, more benches, power 
saws, etc., will be required in addition to the ordinaiy hand tools. 

Plant costs will vaiy from a few cents per 100 sq. ft. of form 
surface, where benches only and no power saws or other equip- 
ment are provided, uj) to about $1, depending upon the amount 
of mechanical equipment provided and the total area of form 
surface. The use of power saws and other mechanical equipment 
will tend to reduce the labor coals. 

6. Overhead and Profit. — Overhead costs, including labor 
insurance, social-security taxes, general supervision, engineering, 
and general office expense, will vary from 10 to 35 per cent of the 
total cost, with 15 per cent as an average value. When based on 
labor costs alone, overhead costs will vary from 20 to 50 per cent. 

Profit on form work (when figured scparatclj’-) will usually vary 
from 10 to 25 per cent. 

7. Summary. — The total and unit costs of form Avork may be 
summarized as follows: 


Unit Costs 

per 100 Sq. Ft. Total 
Item or per Sq. Ft. Costs 

M.aterinls ,? S 

Labor 

Plant 

Overhead 

Profit 

Total S S 

8. Metal Forms. — A variety of metal forms liaA'^e been satis- 
factorily used for concrete A\mrk for some years. The first cost 
of a metal form Amries considerably Avith the Aveight of metal used, 
design, shape, and cost of fabrication. Usually the first cost of a 
metal form is much greater than that of a Avooden form. Hoav- 
ever, Avhen the metal form is rugged and can be used and re-used 
many times (t.e., many more times than a corresponding Avooden 
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form), the cost per use may be reasonably lo-n- and may in some 
cases be less than the cost of wooden forms. ‘^Mien a metal 
form may be used many times, the cost per square foot of form 
surface may range from about 60.03 to 60.15. 

The labor costs for erecting, cleaning, and stripping metal 
forms will usually be less than for assembling, erecting, stripping, 
and cleaning wooden forms that may be used for the same kind 
of concrete work. Assembling costs, if any, are usually included 
with the erection costs. The labor required for metal forms is 
shown in Table 5-4. 


TaSLZ 0-4. ^.•\PFP.OXDl.\TE LaBOR REQrXElED FOE MeTAF FORilS 


i 

1 Labor-hours 

1 Square feet of 

Item j 

' per 100 sq. ft. 

form surface per 

1 

of form sun'ace 

labor-hour 

Erection (and assembling) . . 

2- 6 

17— 50 

Strip and clean | 

1- 4 ' 

25-100 

ilinor renairs j 

1- 3 

33-100 

Total 1 

4-13 

1 S- 25 


Diagram 5-2 may be used for estimating the labor costs of 
metal forms when the labor wage is known and the hourly output 
may be readily assumed. 

In some cities, the metal-form work is let as a subcontract. 
The subcontractor supplies the forms and fiunishes aU the labor 
required for a complete job of forming. 

In some localities, the general contractor or the concrete con- 
tractor may rent metal forms for use on any particular job. 
Rental prices van* considerably according to type and make of 
forms. 

Because of the many varieties and designs of metal forms on 
the market, it is impractical in this text to give any estimates of 
the cost of metal forms. 

9. Hlastrative Estimate for Wooden Forms. — ^Make a complete estimate 
of the cost for the following concrete forms, including the form lumber 
required in board feet, pounds of nails and bolts, labor in hours, and costs 
of each for the following form surfaces: foimdations and footings 785 sq. ft., 
walls 2.180 so. ft., columns 3,150 sq. ft., column heads 1,780 sq. ft., floors 
14.200 sq. ft.* beams 3,160 sq. ft., roofs 4,100 sq. ft. 'Take unit prices as 
follows: form lumber -890 per 1,000 ft. ban. delirered at the job, bolts and 
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nails $0.06 per pound, 1 foreman at $3 per hour, 3 carpenters at $2 oer 
hour, 3 handj^ men at $1.50 per hour, and 3 laborers at $1 per hour. Assume 
15 per cent of total cost for overhead and 10 per cent for profit. Forms are 
to be made and erected and later stripped and cleaned. Assume salvage 
value of form liunber to be 50 per cent. (Some estimators use different 
salvage values for different forms.) 


hI.\TERi.\i.s Estimate 


Item 

Form 
surface, 
sq. ft. 

Ft. b.m. per 
sq. ft. of 
form surface 

Lumber, 
ft. b.m. 

Foundations and footings 

785 


2,355 

Walls 

2,180 


5,450 

Columns 

3,150 


7,875 

Column heads 

1,780 

3.0 

i 5,340 

Floors 

14,200 

2.3 

32,660 

Beams 

3,160 

5.0 

15,800 

Roofs 

4,100 

2.5 

10,250 

Total 

29,355 




About 80,000 ft. b.m. required. 

The values for number of board feet per square foot of form surface are 
estimated for the several items, and represent fair average values. 

Cost of form lumber less salvage value is $90 X (1.00 — 0.50), or $45 per 
1,000 ft. b.m. 


Matekials Estimate Usikg Diagham 5-1 


Item 

Form 
surface, 
sq. ft. 

Ft. b.m. 
per sq. ft. 
of form 
surface 

Cost per 
sq. ft. of 
form 
surface 

Cost 

Fmmdations and footings 

785 

3.0 

$0,135 

$ 106 

Walls 


2.5 

0.110 

240 

Columns 

3,150 

2.5 

0.110 

347 

Column heads 


3.0 

0.135 

241 

Floors 

14,200 

2.3 

0.105 

1,491 

Beams 

3,160 

5.0 

0.225 

712 

Roofs 


2.5 

0.110 

451 

Total for lumber 

29,355 1 



$3,588 


Add for nails and bolts, 2,350 lb. at $0.06 $ 141 

Total for lumber, nails, and bolts $3,729 


Add for nails and bolts, 2,350 lb. at $0.06 $ 141 

Total for lumber, nails, and bolts $3,729 


Lumber required = $3,588 -i- $45 = 79,730 ft. b.m. 
















CONCRETE 


125 


Cost of form lumber at ?45 per 1,000 ft. b.m. = $45 X 79.730 = §3,588 
Cost of nails and bolts, etc., at 8 lb. per 100 sq. ft. of form surface 
and §0.06 per pound = §0.06 X 8 X 294 = 141 

Total cost (assuming 50 per cent salvage value) = §3,729 

If desired, the materials estimate maj' be prepared ndth the aid of Diagram 
5-1. The cost of lumber per 1.000 ft. b.m. delivered at the job is §90 less 
salvage value, or §45. The cost per square foot of form surface is obtained 
from Diagram 5-1. Computations may be made by slide rule to the nearest 
dollar. This estimate may be tabulated as shovm on page 124 
The labor estimate may be prepared as foUon-s: 


Item 

Form 

surlace. 

square 

feet 

Labor-hours per 
100 sq. ft. form 
surface 

Total 

labor- 

hours 

i 

! 

Labor 

costs 

1 

j 

Assemble 
and erect 

Strip 

and 

clean 

1 

Foundations and footings. . 

785 

■n 

3 

79 

S 130 

Walls 1 

j 2. ISO 


3 

284 

466 

Columns ! 

i 3.150 

s 

4 

378 

624 

Column heads 

1,780 

12 

4 

285 

470 

Floors 

14,200 

7 

3 

1,420 

2.344 

Beams 

3.160 

10 

4 

443 

730 

Eoofs 

4.100 

8 

I 3 

451 

746 

Total 

29.355 


i " 




Labor-horns per 100 sq. ft. of form smface are average values for the differ- 
ent kinds of form vork. 

Total wages per hour for the gang are 

S3 -b §2 X 3 -b §1.50 X 3 -b §1 X 3, 

or §16.50. Average wage per hour is §1.65. In computing this average 
wage, it is assumed that the presence and ability of the foreman to direct the 
work of the men will be at least equivalent to the work of one man. 

Labor cost for forms is §1.65 X 3,340 = §5,510. 

If desired, the labor estimate may be prepared with the aid of Dia- 
gram 5-2. The average wage assumed for the 10-men gang is §1.65, as 
before. The estimate may be tabulated as shown at the top of page 126. 
Labor-hours required = §5,510 -r- §1.65 = 3,340 labor-hours. 

In this illustrative estimate, the materials and labor estimates have each 
been prepared with and without the use of diagrams. A slide rule was used 
to reduce the time required for multiplication and division. 
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Item 

Form 

.surface, 

square 

feet 

Labor-hours 
per 100 sq. ft. 
form surface* 

Unit costs 
per sq. ft. of 
form surra cet 

Total 

labor 

costs 

Foundations and footings. . 

785 

10 

,80.165 

8 130 

Walls 

2,180 

13 

0.215 

469 


3,1.50 

12 

0.200 

630 


1.780 

16 

0.265 

472 

Floors 

14,200 

10 

0.165 

2,343 

Beams 

3,160 

14 

0.230 

728 

Hoofs 

4,100 

11 



T'nt.fl] . 

29,355 



85,510 







* Assemble, erect, strip, and clean- 
t From Diagram 5-2. 


Plant costs ■r'iU be small and ttill be taken at about $0.30 per 100 sq. ft. 
of form surface, or about $88 for the job, assuming that vem' little mecbanical 
equipment "R-ill be used. 

Ovetbead costs ■T.'ill be 20 per cent of materials, labor, and plant, ox 20 per 
cent of (3,729 + 5,510 -f 88), or 81,866. 

Profit rvill be 10 per cent of materials, labor, plant, and overbead, or 
10 per cent of (3,729 + 5,510 -f 8S -r 1,866), or 81,120. 

This estimate for forms may be summarized as follows: 


Item 

Foun- 

da- 

tions 

and 

foot- 

ings 

Walls 

Col- 

umns 

Col- 

umn 

heads 

Floors 

Beams 

Roofs 

Total 

hlateiials 

8 110 

8 250 

8 361 

8 251 

81,548 

8 740 

8 469 

8 3,729 

Labor 


469 


472 

2,343 

728 

738 


Plant 

2 

6 

10 

5 

43 

10 

12 

88 

Overhead 

48 

145 


146 

787 

296 

244 

1,866 

Profit 

29 

87 


88 

472 

178 

146 

1,120 

Total 

8 319 

8 957 

81,321 

8 962 

85,193 

•81,952 

,81 , 609 

812,313 

Cbst per 100 
sq. ft 

840.65 

843.85 



■ 

S36.60 

861.75 

839.25 



B. ESTIblATIIfG CONCRETE 

10- Concrete Take-og, — The first step in preparing an esti- 
mate for concrete is to take-ofi or list all the quantities of con- 

















cc^TEzrr 


i— i. 



rfcrc-;: p 5 .rts c? the v.-v-h aud for all 


- ir— —v aat c: ccrrrcre cuar.titxra. u la erato-orary to 
s shre: cr rag-c for oaoh di^ereat rod-x. aixd to txrratxgo the 
or eaer paco ir sbcrt rh? relieve:'^ ordor; 

Dcs-orfptior igcohag. Krrai. etc->. 

Dfnrsr^ors so: each cri: ir feeth 
Vcharre vcabh' feet or exxofo yard5>. 

Orher coixinns rrsy be added for urut sud total prioca. etx\ 

In takinc-o? quantities of conorote, it is oustoinaiy to begin 
at the bottom or one end of the strueture and Em over it svs' 

< V 

tematically. In rs concrete bttildiug. the orvier of take<>ff would 
be about as follows: 


Footings. 

Foundation walls. 

Columns (interior .and e.vterior). (Orviiuvary rolumn c.aps 
and brackets are usually included with columns.) 

Floor and roof slabs. 

Drop panels. 

Beams and girders (e.vterior and interior). 

Exterior walls. 

Partitions. 

Window sills and copings. 

Stairs. 

Miscellaneous. 

Sidewalks and drives. 

11. Units of Measurement. — concrete i.s tisually me.a.sunal 
net, as fixed or placed in the structure. Uuil.s of moasuremout 
are cubic yards or cubic feet, cubic yards being the contmon unit.. 
No deductions are made for steel beams and reinfoveomeitt in the 
concrete unless the steel has n cross-sectional ar('a of more th.an 
1 sq. ft. No deductions arc made for pipes or holes having a 
sectional area of less than 1 sq. ft. Each mix of eonerete should 
be measured and described separately, and the eonerete in 
different members of the structure .should lie int'asnriHl and 
described separately according to location or purpose e( tlu' 
work. 

Many rules are given for measuring stairs, bnl. the best rule 
is to compute the quantity of concrete requir(>d in cubic yards 
or cubic feet by some simple method. 
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Sidewalks and pavements should be measured b 3 ’' the square 
foot or square yard vith the thickness and mix stated so that the 
number of cubic yards or cubic feet of each mix may be easily 
computed. 

The unit of measure for precast concrete work is usually the 
cubic foot. 

Curbs, gutters, vindow sills, lintels, moldings, and such work 
are often measured per lineal foot, other dimensions being given 
so that the number of cubic 3 '’ards or cubic feet may be found. 

Concrete finishing is measured by the square foot or square 
3 ’^ard of finished surface. "When extra materials are required, 
as for a granolithic finish, the thickness of the extra surfacing or 
topping should be given. 

12. Quantities of Materials. — After the take-off has been 
completed and the total yardage of each kind of concrete foimd, 
the quantities of cement and fine and coarse aggregates should 
be computed. The proportious of a concrete mix ma 3 ’' be ^ven 
by volume or by weight, and may be for aggregates that are 
surface dry or for aggregates containing some moisture as is 
usually the case on the job. At the present time, and especially 
on the larger jobs, the proportions of the mixes are nearly always 
given by weight. 

In the proportioning and mixing of the concrete materials 
during construction, it is necessary to make allowances for the 
amounts of free water present in the aggregates. However, 
when estimating the quantities of materials required, it Is not 
necessary to make allowance for free moisture except when the 
sand is moist and is measured by volume. The addition of a 
small percentage of free moisture to a sand vtU usually cause it 
to swell or bulk. For some sands, the bulking effect may be as 
much as 20 or 25 per cent, and often occurs with about 6 or 7 per 
cent of free moisture. When a sand bulks, its weight per cubic 
foot decreases. When a sand is placed in a container and 
inundated (completely covered vdth water), the bulking effect 
is negligible. Hence, when measuring sand by volume, it should 
be measured surface dry or inundated. When measured in 
moist condition, the bulking effect must be determined and 
allowed for. 

13. Quantities Measured by Volume. — When the propor- 
tions of a mix are given by volume, the quantities required per 
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cubic foot or cubic yard may be approximately computed by the 
foIJoTving formulas: 

Lot c, 1 C. s. and g be the proportions bj' volume of cement, 
vater, fine aggregate, and coarse aggregate, respectively. The 
proportion of cement c is nsnaiiy taken as unity, and the fine 
aggregate is measured diy or inundated. 

Quantities by volume for 1 cu. ft. of concrete: 


Sacks of cement per cubic foot of concrete 

(To reduce sacks of cement to barrels, _ 1.67 X c 

divide by 4.) 


c -h U! -r s -r ^ 
12.5 X w 


Gallons of water per cubic foot of concrete = 

c-ftc-rs-r^ 

Cubic feet of fine aggregate per cubic foot of concrete 

= X g 

C -}- JC -f s -f ? 

Cubic feet of coarse aggregate per cubic foot of concrete 
(To reduce cubic feet of aggregate to cubic _ 1.67 X g 

3’ards, dirdde by 27.) c -f u? -f- s -f ^ 

Quantities by volume for 1 cu. yd. of concrete: 

4o c 

Sacks of cement for cubic vards of concrete = — ; ; ; — 

c -i- w -r s -j- g 

340 X xc 

c w -h s -j- g 

Cubic vards of fine aggregate per cubic yard of concrete 

= 1-67 X a 

c d- xc -h s -r g 

Cubic vards of coarse aggregate per cubic yard of concrete 

= 1-67 X g 

c -r w -h s -T g 


Gallons of water per cubic yard of concrete — 


W'tien proportioning by volume, the amount of water L 
usuallv given as gallons of water per sack of cement. The wa*,er 
]^0 xii0^3xired xn a tank calibrated to read to the nearest 
or puarter of a gallon. One TJ. S. gallon of water contains 
2-31 cu. in., and there are approximately 7.5 gal. per cubic foot. 

Table 5-5 gives approximate quantities of materials required 
for 1 cu. yd. of concrete for some of the more common mixes. 

14. Qu^tities Measured by Weight— The computations 
required when proportioning by weight are quite simple. For 
example, in a 1-3-6 mix by weight there would be 1 Ib. of cement • 
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Tadli: 5-5. — Aimmioximatk Voi.ume.s or MATi:niAi.s Requikkd fou 1 Co. 

Yn. OF Co.ncuf.tf/ 

Proportions l)y volnino with surfaro. dry angropalc 



Propnrtion.s 

Materials for 1 rii. yd. concrete 

Consistency 

With gravel 
c + « + P + tr 

With stone 
c + « d- 0 + te 

Ce- 

Water, 

gal. 

With gravel 

With stone 


ment, 

sacks 

.Sand, jcravcl, 
cu. yd. cu. yd. 

Sand, 
cu. yd. 

Stone, 
cu. yd. 


Onf-tnrA Atjortgate 


Water “ 5 gat. per sack of cement. 2S-day strength = 4,500 lb. per i 

sq. in. 



Stiff 

1 + 2.1 +3.1 +0. 07 

1 +2.5 + 2.8 + 0.07 

0.0 

33 

0.52 

0.70 

0.02 

0.07 

Medium 

1 + 1.0 + 2.7 + 0.07 

1+2.2 + 2.4 + 0.07 

7.2 

30 

0..50 

0.73 

0.59 

0.05 

Wet 

1 + 1.7 + 2.4 + 0.07 

1 + 2.0 + 2.2 + 0.07 

7.8 

30 

0.49 : 

i 

0.70 

0.57 

0.03 

Water = 0 gat. per sack of cement. 2.S-day-slrength ■= 3,500 lb. per sq. in. 

Stiff 

1 +2 8 + 3. 0 + 0. S 

1 +3.3+3.2 + 0.8 

5.5 

33 

0.58 

0.74 

O.CS 

0.00 

Medium 

1+2. 5 + 3. 2 + 0. 8 

1 +3.0 + 2. 0 + 0. 8 

0.0 

30 

0.60 

0.72 

0.06 

0.04 

Wet 

1+2. 3 + 2. 0 + 0. 8 

1+2. 0 + 2. 0 + 0. 8 

0.5 

30 

0.54 

0.70 

0.04 

0.02 

Water = 7.5 gal. per sack of cement. 28-dny strength 

= 2,500 lb. per sq. in. 



Stiff 

1+3. 0 + 4. 5 + 1 

1 +4. 0 + 3. 0 + 1 

4.4 

33 

0.04 

0.73 

0.74 

0.04 

Medium 

1 +3. 5 + 4. 0 + 1 

1 +4.1 +3.5 + 1 

4.8 

30 

0.02 

0.70 

0.72 

0.02 

Wet 

1+3. 1+3. 5 + 1 

1+3. 0 + 3. 1 + 1 

5.2 

30 

0.00 

O.CS 

0.70 

0.00 


Ttro-inch Aggregate 


Water = 5 g.al. per sack of cement. 28-d.ay strength ■= 4,500 lb. per sq. in. 


Stiff 

1 +2.2 + 3.7 + 0.07 

1+2.0 + 3.4+0.07 

0.0 

30 

0.49 

0.82 

0.68 

0.75 

Medium 

1 + 2.0 + 3.2 + 0.07 

1+2.3 + 3.0 + 0.07 

0,0 

33 

0.48 

0.79 

0.50 

0.72 

Wet 

1 + 1.7 + 2.9+0.07 

1+2.0 + 2.0 + 0.07 

7.2 

30 

0.40 

0.70 

0.64 

0.70 

Water = 0 gal. per sack 

: of cement, 28-day strength = 

= 3,500 

lb. per sq. in. 



Stiff 

1 +3. 0 + 4. 3 +0.8 

1 + 3. 4+4. 0 + 0. 8 

5.0 

30 

0.65 

0.80 

0.64 

0.73 

Medium 

1+2. 0 + 3. 8 + 0. 8 

1+3. 0 + 3. 5 + 0. 8 

5.5 

33 

0.53 

0.78 

0.62 

0.70 

Wet 

1 + 2. 3 + 3. 4 + 0. 8 

1+2.7 + 3.1 + 0.8 

0.0 

30 

0,62 

0.70 

0.00 

0.08 

Water = 7.6 gal. per sack of cement. 28-day strength 

= 2,600 

' lb. per 

sq. in. 



Stiff 

1+4. 1+5. 3 + 1 

1+4. 7 + 4. 8+1 

4.0 

30 

0.01 

0.79 

0.70 

0.71 

Medium 

1+3. 0 + 4. 0 + 1 

1+4. 2 + 4. 2 + 1 

4.4 

33 

0.59 

0.76 

0.08 

0.69 

Wet 

1 + 3. 2 + 4. 2 + 1 

1 + 3. 7 + 3. 8 + 1 

4.8 

30 

0.58 

0.74 

0.06 

0.07 


* Valuc-s in table are taken from publications of the Portland Cement Association. 

The reader is referred to this association for further information on the proportions, design, and control 
of concrete mixtures. 
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for everj- 3 Ib. of fine aggregate and every 6 lb. of coarse aggregate. 

The follovnng rule-of-thumb formulas may be used for com- 
puting the approximare weights of cement, fine and coarse 
aggregates. 

Let c', xc’. s', and g' be the proportions by weight of cement, 
water, fine aggregate, and coarse aggregate, respectively. The 
proportion of cement c' is usually taken as unity. Aggregates 
are often sold by the short ton of 2,000 Ib. 

For 1 cu. ft. of concrete, assume weight to be 150 lb. 


loO 

Pounds of cement per cubic foot of concrete = -r —, — r 


c -f- tr -f s' -f ^ 
1 6 X c' 

Sacks of cement per cubic foot of concrete = -r-, — '-7—, — 7 —, — > 

c -f tr -f s' -b sr' 

Pounds of water per cubic foot of concrete = -r~r-—r^ ^ 


Pounds of fine aggregate per cubic foot of concrete 


-f-/ 


150 X s' 


c' -f w' -j- s' -rg' 


Pounds of coarse aggregate per cubic foot of concrete 

150 X g' 


' < ' o’ ' r,’ 


XU 

For 1 cu. yd. of concrete, assumed to weigh 4,000 lb. 

^ j _ 4,000 X c' 

Potmds 01 cement per cubic yard of concrete — , , - , ■, — , {—} 

c I xc I o i y 

42 o X 

Sacks of cement per cubic yard of concrete = , , , 

o I tu I o i y 

, . _ . 4,000 X to' 

Pounds of water per cubic yard of concrete — ^ryy 
Tons of fine aggregate per cubic yard of concrete 


2s' 


c' 4- tc' 4- s' -b 


Tons of coarse aggregate per cubic yard of concrete 


2 / 


c' 4 - ze' 4 - s' -b fiz' 


The water is usuallv weighed when proportioning by weight. 
The amount of water may be given as pounds of water per 
100 lb. of cement or pounds of water per sack of cement. One 
T7. S. gallon of water weighs about 8.35 lb. 
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Table 5-6. — ^Appeoximate Weights of LIateeials E.eqtjieed foe 1 Cu. 

Yd. of Conceete* 

Proportions by weight with surface-di^' aggregate 



Proportions 

l^Iaterials for 1 cii- yd. 

ConsiEteiicy ■ 

With gravel 
c'-f E'-fZ-hin' 

i 

1 

yitii stone 
s' -j- F -f- "b K’' 

Ce- 

Water, 

gaL 

With gravel 

With stone 


ment, 

sack 

Sand, 

tons 

Gravel, 

tons 

Sand, 

tons 

Gravel, 

tons 


One-inch Ag'jregaie 


= 5 gal. per sack of cement. 2&-d2y strengih = 4^00 lb. per sq. Im 


Stiff 

l-b2.0 + 3.3-!-0.44 

14-2.44-2.94-0.44 

6.6 

33 



^^9 

0.90 

Medium. 

1 + l.S-f 2.94-0.44 

14-2.14-2.64-0.44 

7.2 

36 

0.60 



■l»?f 

Wet 

14-1-64-2.64-0.44 

1-f 1.94-2.34-0.44 

7.8 

39 




n 

Water = 6 gal. per sack of cement. 2S-day strength = 

= 3,500 lb. per sg. in. 



Stiff 

1 

14-2.7 4-3. 84-0.53 

14-3.24-3.44-0.53 

5.5 

33 

H 

0.99 

0.82 


Medium 

14-2.4 4-3.4 4-0.53 

14-2.8 4-3.0 4-0.53 

6.0 

36 


0.95 

0.79 

0.85 

Wet 

14-2.14-3.14-0.53 

14-2.54-2.74-0.53 

1 

6.5 

39 

1 


0.77 



Water = 7,5 gaL per sack of cement. 2S-day strength = 2^500 lb. per sq. in. 



1 4-3.7 4- 4.7 4-0. 67 1 4-4.3 4-4.1 4- 0.67 

4.4 

33 

0.77 

0.97 

0.90 

0.85 


14-3.34-4.2 4-0.67 
l-b3.04-3.74-0.67| 

1 4-3.9 4-3. 7-f 0.67 

4.8 

35 


0.94 ^ 

0.87 

0.83 


14-3.4 4-3.3 4-0.67 

5.2 

39 

0.73 

0.91 

0.84 

0.80 




Twchinch Aggregate 


Water = 5 gak per sack of cement. 2S-day strength = 4,500 lb, per sq. in. 


1 

Stiff 

1 4-2. 1 -f 3.9 4-O.44I1 4-2.5 -f3.5 4-0.44 

6.0 

30 

IS 


M 

' 

1.00 

Medium 

1 4- 1.9 -f 3-4 -b 0.44 ,1 4- 2.2 4- 3.1 4- 0.44 

6.6 

33 

mm 



0.95 

Wet 

1-b 1.7 4-3.0 4-0.44'! 4-1-9 4-2.8 4-0.44 

7.2 

36 

0.55 

1.02 


0.93 


Water = 6 gaL per sack of cement. 25-d3y strength = 3,500 lb. per sq. in. 


Stiff 

14-2.8 4-4.6 4-0.53 

14-3.34-4.24-0.53 

! i 

5.0 j 

30 

0.67 

i i 

1.07 [ 

0.77 

0.97 

Medium 

[14-2.5 4-4.0 4- 0.53' 

l-b2.94-3. 64-0.53 

1 5.5 1 

S3 

0.65 

I 1.04 

0.75 

0.94 

Wet 

14-2.2 4-3.64-0.53 

14-2.64-3.2 -f 0.53 

1 

6.0 j 

36 

0.63 

1.01 i 

1 

0.73 

0.91 

Water = 7,5 gal, per sack of cement. 25-d2y strength • 

“ 2,5DD lb. per sq. in. 



Sti^ 

1 i 

j ! 

<1 -r3.9-7’5.6*-f-0.67i 

il 4- 4.5 -b 5.0 4- 0.07 

] 

4.0 1 

30 

! 

0 74 1 

! 

1,05 i 

0.85 

0.95 

hfedhim 

114-3.5 4-4.9 4-0.67 14-4.04-4.5 4-0-67 

0 0 \ 

I 33 

1 0.72 1 

1.02 j 

0.83 

: 0.92 

Wet 

'l-r3 l-i'4.4~0.67|l-^3.5-f 4.0^0.67 
! 

4-S ! 

: 36 

0.70 1 

0.99 

0.80 

0.S9 


* Valcss in this table are taken from pnHications of the Portland Cement Association. 
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Table 5-6 gives approximate weights of materials required for 
1 cu. jd. of concrete. 

On some jobs, the U. S. gallons of water per sack of cement and 
the slump or consistency may be given, and the estimator must 
then estimate the proportions of the mix as well as compute the 
quantities. On other jobs, only the strength (28-day com- 
pression) may be given with or without the slump, and the 
estimator must estimate the proportions and compute the 
quantities. The slump for most concrete work will be about as 
follows: 


Table 5-7 

Type of Concrete Slump, Inches 

Mass concrete (stiff mix) 2-3 

Pavemenfs, mnchine ffnisied (very stiff miy) J 

Pavements, hand finished (stiff mix) 2—4 

Eeinforced concrete, thin vertical sections (medium mix) 4—7 

Reinforced concrete, columns (medium mix) 4—7 

Reinforced concrete, thin co nfi ned horizontal sections 

(wet mix) 6-9 

Reinforced concrete, heavy sections (stiff mix) 2—4 


The amount of water required wiU vary from 9 to 15 gal. per 
sack of cement, or from 30 to 150 gal. per cubic yard of concrete, 
depending upon the water-cement ratio and the water used for 
washing the mixer and other equipment and the wastage. About 
100 gal. of water per cubic yard of concrete is a good value for 
estimating purposes. 

15. Quantities by Weight by Absolute-volume Method. — ^For 
a more accxirate method of computing weights of concrete mate- 
rials, the absolute volmne method is recommended. The pro- 
portions of cement, fine aggregate, coarse aggregate, and water 
are given by weight. Then the amount of concrete in cubic feet 


T.^le 5-S 


Material 

-Apparent 

specific 

gravity 

Solid 

weight per 
cubic foot 


1.00 

62.4 


3.10 

293.5 


2.65 j 

165.5 

Average gravel or coarse aggregate. . .| 

2.65 1 

! 

165.5 
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made by, say, one sack of cement and tbe other materials is com- 
puted. After that, the weights of the materials per cubic yard 
are computed. The apparent specific gramties and solid 
weights per cubic foot may be taken as follows for the purpose 
of estimating; 

Actual apparent specific gravities must be used for special 
aggregates such as blast-furnace slag and cinders. 

16. Illustrative Problem. — ^For an example of tbe absolute-volume 
method, assume that tbe veigbts of materials per cubic yard of concrete are 
required for a 1 to 2.20 to 3.30 mix by vreigbt witb 6.5 U. S. gab of vater per 
sacb of cement. Assume surface di^' aggregates. 

Solution: First compute tbe cubic feet of concrete made by a one-sact 
batch. 

04 

Cement, 1 sack of 94 lb., = 0.485 cm ft. 

lyo.o 

o 94 X 2.20 , 

Sand, — — = 1 - 2o0 cu. it. 

16o.o 

o 1 94 X 3.30 , 

Gravel, — rsw — = 1.8/5 cu. ft. 

16o.o 

Water, 6.5 gab ^ f = 0.870 cm ft. 

Absolute volume of a one-sack batch = 4.480 cu. ft. 

That is, one sack of cement vitb the correct proportions of sand, gravel, 
and Vv-ater -vrill produce 4.48 cu. ft. of concrete, assuming no absorption or 
losses in manufacture. 

Quantities required per cubic 3 'ard of concrete are 
27 

Cement = = 6.03 sacks = 1.51 bbb = 567 lb. 

4.48 

Sand = 6.03 X 94 X 2.20 = 1,250 lb. = 0.625 ton 
Gravel = 6.03 X 94 X 3.30 = 1,870 lb. = 0.935 ton 
Water = 6.03 X 6.5 X 8.35 = 327 lb. = 39.2 U.S. gab 
Total freight per cubic yard = 4.014 Ib., assuming no air voids 
Simplified Solution: A variation of this method is to assume that 1 cu. yd. 
of concrete, made ivith average aggregates ha'i'ing an apparent speciSc 
gravity of 2.65, veighs 4,000 lb. 

Then, a one-sack batch of a 1 to 2,2 to 3.3 mix by iveight Tvith 6.5 U, S. 
gab per sack vill give 

94 4- (6.5 X 8.35 = 54) -f (94 X 2.2 = 207) -f (94 X 3.3 = 310), 

or 665 lb. of concrete. 

Quantities required per cubic yard are 
Cement = 4,000 -i- 665 = 6.02 sacks = 565 lb. 

Sand = 566 X 2.2 = 1.245 lb., or 0.623 ton 
Gravel = 566 X 3.3 = 1,870 lb., or 0.9.35 ton 
Water = 6.02 X 6.5 X 8.35 = 326 lb., or 39.1 U. S. gal 
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Total weight per cubic yard (as a check) = 4,007 Ib. 

These results agree very closely with those previously obtained. 

17. Costs of Materials. — ^The cost of cement deKvered on the 
job is generallj' used, though on very large jobs the cost of 
cement will be the price at the mill plus costs of freight, unload- 
ing, trucking to job, storing, inspection and testing, and loss due 
to waste and spoiling. Prices may be quoted per barrel for 
cement in cloth ba^, paper bags, or bulk. h'liU prices are some- 
times quoted for cement in bulk or bagged with prices of bags 
extra. Cloth bags cost S0.40 per barrel and paper bags S0.20 
per barrel. Paper bags are not returnable. Prom the cost of 
cement in cloth bags, there should be deducted §0.10. for each 
good cloth sack returned to the mill or dealer. As a general 
rule, about 10 per cent of the cloth bags will be wasted. Quota- 
tions of prices usually given by cement companies are for the 
cost of cement in carload lots f.o.b. cars at the station near 
which the job is located. To this price must be added the cost 
of testing, unloading, and trucking. Average cost of cement 
(without bags) will be §2 to §3 per barrel for large quantities, 
or S0.50 to §0.75 per sack. Prices are higher for quantities less 
than carload lots. 

Table 5-9 shows how the cost of cement at the job may be 
computed. For an e.xample, the cost of cement f.o.b. cars at the 
railway station is assumed to be §2.60 per barrel or §0.65 per 
sack. 


Table 5-9. — Cost of Cementt .vi Job Site 


Item 

Per 

sack 

Per 

barrel 


SO. 65 

S2.60 


0.10 

0.40 


0.01 

0.04 

TJnloadins:, trucking, and storing about 

0.05 

0.20 


SO. SI 

.S3. 24 

Credit for bajrs returned less loss and freight 

0.09 

0.36 


$0.72 

.S2.SS 



Diasram 5-3 (page 5/2) may be used for determining the cost 
of cement per cubic 5 'ard of concrete w hen the number of sacks 
per cubic yard and the price per sack at the job are known. 
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'J’lio cost of Farid, grav(;l, and cruHliod rock at the job v/rl) vary 
greatly in difTerent localbicH. PrlccB may be given per eubie 
yard or per short ton f.o.b. ears at s<abon nearest the job, or 
per cubic yard or per sliort ton delivered at the job. 'J’he 
following are approximate prices only, and for relabvely large 
quantities such as carload 1o<h or grcaler. 


Tajslk o-J(L — C oiiT or AwnmA'iK /.r Joa Mirs 


JMaieria] 

1 Weight per 
eubie yard, 
peunde 

jO-iee j>er V^n j 

^ JO'iee per 
eubie yard 

1 

Sand - , - - - 

2,400-3,000 

ifl ,25-l?3,00| 

SI .70-S4,W 

Gravel 

2,300-3,000 

1 .40- 3,2t 

1 .'J’U 4 .2-0 

Cryjilied Bteue 

2,200-2,700 

1 .7.0- 3,. 00 

2 , 20 - 4 .r/j 
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TabIoE 5-11. — ^Appeoxgl^te Laboe Reqeieed fob Mixixg, PlacixGj axd 

CUETN'G COXCEETE 


Kind of work 

Labor-hours 
per cubic 
yard 

Hand mmng 

1- 2 

Machine mixing 

0 5 - 1.2 

ilachine mixing plus heating of water and aggregate 

0 . 7— 1.5 

Placing in footings and abutments 

1- 4 

Placing in columns and thin walls 

2- 5 

Placing in thick walls 

1- 4 

Placing in floors and slab= 

1- 4 

Placing in stairs 

* 3- 6 

Placing structural concrete (average) 

I 1- 4 

Placing structural concrete in cold weather 

2- 5 

Curing concrete in ordinarv or warm weather 

0.5- 1 

Curing concrete in cold weather including installation, main- 
tenance, and removal of protective enclosures, and heating. 

1- 5 

2- 6 


3-10 



operator and other skilled labor at $1 to 82 per hour, and ordi- 
nal^- labor at 80.6.5 to S1.25 per hour, the average cost of labor 
for mixing, placing, and curing 1 cu. yd. of concrete mil vary 
from about 83 to §7. 

Diagram 5-6 (page 575) may be used for determimng the cost of 
labor per cubic yard of concrete ^vhen the hours of labor required 
for mixing, placing, and curing 1 cu. yd. of concrete and the 
average hourly wage are known or may be readily assumed. 

19. Plant — ^The plant required for a structural concrete job 
^viIl varj- (usually with the size of the job) from a smaller mixer 
with a few wheelbarrows, shovels, hand tools, runways, etc., 
to a large mixer with weighing deduces and cranes or derricks 
with buckets, cableway and buckets, belt conveyors, concrete 
pumping equipment, or hoists with carts and runways. Equip- 
ment is needed for weighing, mixing, transporting, placing, and 
sometimes finishing (as for concrete floors) and for curing the 
concrete. 

The equipment needed for curing concrete in warm weather 
will include hose and a water supply and perhaps canvas, burlap, 
straw, etc., for covering the surface of the concrete to assist in 
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keeping the concrete surface from drying out. All the concreting 
plant may be located at the job, or the proportioning plant may 
be in another location. Sometimes ready-mixed concrete is 
purchased delivered at the job. 

For cold- weal her concreting, some equipment must be pro- 
vided for heating the aggregates and water. This equipment 
maj’- be quite simple, such as a tank for the water vath a jjlacc 
for a fire or a firebox beneath it, and a corrugated iron pipe over 
which the aggregate is piled and in which a coal or wood fire i.s 
built. Perhaps a more satisfactory heating plant would be a 
steam boiler furnishing steam to pipe coils in the water tank and 
to steam pipes in the piles of aggregate. 

The plant required for curing concrete in cold weather will 
include materials for enclosing and protecting the concrete, and 
provision for heating during the curing period. Materials for 
enclosing and protecting the concrete may be canvas, burlap, 
straw, etc. The forms may be warmed by means of a hose and 
live steam from a boiler. The heating may be done by steam 
pipes or by salamanders. One salamander is required for about 
ever}’' 300 sq. ft. of floor area. In addition, one or two extra 
salamanders may be required for each exterior column, depending 
upon the weather and wind. If a .steam boiler is used, at least a 
50-hp. boiler should be provided, I.e., licensed to carry a pressure 
of at least SO lb. per square inch. The curing time may vary 
from about 4 to 8 days. The reader is referred to publications 
of the Portland Cement Association for information on making, 
placing and curing concrete in cold weather. 

Mixers are usuallj^ rated according to the approximate number 
of cubic feet in one batch. Capacities of mixers used in con- 
struction work vary from about 3j4 cu. ft. to 3 or 4 cu. yd. or 
more. The mixers are often designated as lOS, 28S, 56E, the 
number denoting capacity in cubic feet, the letter S denotes side 
dump common to construction mixers, and the letter E denotes 
end dump common to paving mixers. For example, 28S means 
a side-dump mixer of 28 cu. ft. (or 1 cu. yd.) capacity. The 
mixing cycle of a batch mixed includes charging the mixer, 
mixing the concrete, and discharging the concrete. The mini- 
mum time per batch is about 3 min., with 4 to 5 min. as an 
average. The minimum mixing time is 1 min., and frequently 
134 or more minutes are specified. 
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equipment used, the fuel burned, and the temperature. If 
desired, plant costs for cold- weather curing may be divided into 
costs of equipment and costs of plant material used. The 
equipment will include the boiler, pipes, hose, heaters, sala- 
manders, burlap, and canvas that may be used on many jobs. 
The plant materials will include water, sand, straw, and fuel 
that are used up or consumed on the job. 

Plant costs per cubic yard of concrete may range about as 
given in Table 5-12. These values are approximate. 

Diagram 5-7 (page 576) may be used for determining the plant 
cost per cubic yard of concrete when the output and hourly 
costs of the plant are known or can be assumed. 

20. Overhead and Profit. — Overhead costs for mixing and 
placing concrete include such items as are usually included under 
this heading, such as general ofiice expenses, labor and other 
insurance, superintendent, timekeeper, telephones, stationery, 
night watchman, and sundries. The cost of a foreman is usually 
included in the labor costs. 

When based on total costs of materials, labor, and plant, the 
overhead -will range from about 10 to 35 per cent. When based 
on labor costs alone, the overhead may range from 20 to 50 per 
cent. 

When the mixing and placing of the concrete is considered as a 
separate job, a reasonable amount of profit should be allowed. 
The percentage of profit may vary from about 5 to 15 per cent 
of the costs of materials, labor, plant, and overhead. 

21. Summary. — The unit and total costs of each class or 
mix of concrete may be summarized as follows : 


Item 

Class A 

Class B 

Etc. 

Cost per 
cu. yd. 

Total 

cost 

Cost per 
cu. yd. 


Materials 

Labor 

Plant 

Overhead 

Profit ' 

Total 

S 

1 

S 

S 

s 
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22. Illustrative Estimate on Concrete. — Using the unit-quantity method, 
make a complete cost estimate for 1.650 cu. yd. of concrete, given the 
follotving: 

ilht is 1 to 2.3 to 3.6 bj" vreight, vrith 6.5 U. S. gal. of tvater per sack of 
cement. 


Cost of cement per sack at job §0,71 

Cost of sand per ton at job §1.65 

Cost of gravel per ton at job §1.75 

Cost of vrater per 1.000 gal §0.12 

Cost of plant per cubic yard of concrete §2.05 

Average wage of labor per hour §1 .32 

Labor-hours per cubic yard of concrete 4.40 hr. 

Overhead e-vi>ense. based on materials. labor, and plant 25 per cent 

Profit; based on materials, labor, plant, and overhead 10 per cent 


Quantities of materials required pter cubic yard ■wQl be computed first, 
using the absolute-volume method and assuming average aggregates and a 
concrete weighing 4.000 lb. per cubic yard. 

.Assuming a one-sack batch. 

Cement = 04 Ib, 

Water = 6.5 U. S. gak X S.3-5 = 54 lb. 

Sand = 94 X 2.3 = 216 lb. 

Gravel = 94 X 3.6 = 3.3-S Ib. 

Total weight for a one-sack batch = 702 lb. 


Quantities per cubic yard of concrete: 

Cement = 4.000 -t- 702 = 5.70 sacks = 5.36 lb. 

Water = 5.70 X 6.5 = 37.00 U. S. gaL = 309 lb. 

Sand = 536 X 2.3 ^ 2,000 = 0.617 tons = 1,2.33 lb. 

Gravel = 536 X 3.6 ^ 2,000 = 0.965 tons = 1,930 Ib. 

Total (for a check) = 4,OOS Ib. 


Summary of quantities and costs 


1 Cu. Yd. 


Materials, using Diagrams 5-3 and 5-5: 

Cement 5.70 sacks §4.0-5 

Water (including waste) . 100 gal. 0.01 

Sand 0.617 tons 1.02 

Gravel 0.965 tons 1 . 69 


fklaterial costs §6.// 

Labor, using Diaaxam 5-6. 4.40 hr 5. SO 

Plant .’ 2.05 

Overhead. 16 per cent of materials,. labor, 

plant 3.6-55 

Profit, 8 per cent of materials, labor, 

plant, overhead 1 

Total estimate S20 . 10-5 


1,6-50 Cu. Yd. 

9.400 sacks S 6,67.5 
165.000 gal- 20 

1 . 020 tons 1 , &S-5 
1.590 tons 2,790 
• .§11,170 
7,260 hr 9,570 
3,385 

6,030 

3,015 

§.33,170 
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C. ESTIMATmG BEH^ORCEIvEEKT 

23. Quantities of Materials. — Steel for reinforcement should 
be estimated in pounds, assuming that a square bar 1 by 1 by 12 
in. long weighs 3.4 lb. In the take-off, reinforcing bars should be 
listed with reference as to whether they are plain bars, deformed 
bars, spirals, round or square bars of different diameters, bent 
bars, or straight bars, and also with reference to the places 
where they are to be used. Chairs, ties, pipe sleeves, clamps, 
units, threaded ends, turnbucldes, etc., should be tabulated 
separately. "Wire cloth, expanded metal, and similar steel fabric 
sold by the roll or sheet should be measured and described bj^ 
the square foot, stating size of mesh and weight per square foot. 
No allowances should be made for waste and cutting unless the 
cutting is done at the job. Allowances must be made for laps 
and splices when called for in the plans and specifications. 

The take-off sheet for reinforcing steel should have columns for 
size of bar, number of pieces, length, and bends. The summary 
sheet should give size of bar, weight per lineal foot, total weight, 
bends, unit price, and total price. Separate sheets should be 
prepared for plain and deformed bars, spirals, stimips, and for 
accessories, such as chairs, ties, and clamps. 

The standard sizes of reinforcing bars are 34 plain round and 
both plain and deformed bars of the foUoTnng sizes: ^ in. round, 
34 in. rocmd, 34 in. square, % in. round, ^4 in. round, % in. round, 

1 in. roimd, 1 in. square, 13-4 in. square, and 134 in- square. 
Reinforcing bars of other sizes are “specials” and are hard to 
obtain. 

Table 5-13 gives the sizes, cross-sectional areas, and weights in 
pounds per foot of length for various bars. 

Steel bars for reinforcement may be purchased from the mill 
where they are rolled, from a main warehouse, or from a local 
warehouse. Bars purchased at the -mill or at a main warehouse 
are cut to length, bundled, and tied. Bars purchased at a local 
warehouse must be bought from lengths in stock and then cut 
to the correct lengths at the job. Consequently, when time 
permits, the bars should be purchased from the Tnill to avoid 
cutting and waste. However, if the time is short or if the 
amount of steel is small, it may be ad^nsable to buy the bars 
from a local warehouse. 
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Table 5-13. — Sizes. Aeeas. axd Weights of B.«es 


Round bars j Square bars 


Size of 

f i 

J ! 

1 Area, sq. in. 

t 

^ Weight. Ib. 

t per ft. 

i 

t 

1 

, Area, sa. in. 

1 

1 Weight, lb. 
per ft. 

bar. in. ’ 

I/T 

J'— 1 


1 

1 0.167 

0.0625 

0.213 

s/ 


0.376 

0.141 

0.47S 


j 0.196 


0.250 

0.85 

✓ a 



0..391 

1.33 


! 0.442 i 

1 1.50 

0.562 

1.91 

>1 

i 0.601 

2.04 

0.766 

2.60 

1 

j 0.785 

2.67 

1.000 

! 3.40 


0.994 

3.38 

1.266 

4.30 


' 1.227 

4.17 

; 1.562 

5. .31 


1 1.485 


1.891 

6.43 


i 1.767 

! 1 

6.01 j 

i 1 

2.2-50 

7.65 


24- Costs of Materials. — ^The price of steel varies considerably 
from time to time and. consequently, must be checked about 
each time that an estimate is made. The price depends upon 
the quantity in poimds purchased, the sizes of the bars, and the 
number of bends and hooks. The base price is the price quoted 
on bars H to in. in size f.o.b. the mill or main vrarehouse, 
and for quantities of 30,000 lb. or more. E-vtra prices are charged 
for quantities less than 30,000 lb., for sizes less than in., for 
bends made, and for engineering ser^dces. In addition, freight 
must be paid from null to the city in vrhich the job is located, 
and a truck delivery charge paid for delivering the bars from the 
railway station to the job. Hence, the price charged for bars 
of anv size is composed of the sum of base price, quantity extras, 
size extras, bending extras, millin g extras, engineering extras, 
freight charges, and delivery charges. 

The base price is the price per 100 lb. of reinforcing bars 
f.o.b. ndll or main warehouse, and includes cutting to specified 
lengths, bundling, and tagging. In December, 1946. base prices 
at Chicago and other basing points, except Gulf ports and Pacific 
ports, were §2.35 per 100 lb. for newbUlet steel bars and S2.35 per 
100 lb. for rail steel bars. 

In regard to chairs, spacers, ties, etc., the total cost of the^e 
will vary greath*, depending on the kind used and the number 
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required. An allowance of $0.20 to $0.50 for 100 lb. of rein- 


forcing bars is usually satisfactory. 

Quantity Extras per 100 Lb. 

30,000 lb. or more None 

10.000- 30,000 lb SO. 15 

2.000- 10,000 lb SO. 25 

Less than 2,000 lb SO . 50 

Size Extras per 100 Lb. 

^ in, round and larger, plain or deformed. . . . None 

% in. roimd, plain or deformed SO . 10 

in. round or square, plain or deformed SO. 20 

% in. round, plain or deformed SO .40 

34 in. round, plain only SI. 00 


Bending Extras per 100 Lb. 

34 in. and larger, bent at not more than 6 points SO . 40 
34 in. and larger, bent at more than 6 points. . SO . 90 
All 34 in. and % in., any number of bends. ... SO . 90 


All stirrups and column ties SO. 90 

Milling Extras per 100 Lb. 

Removing burrs, etc., from ends of bars 

Bars over 4 ft. in length SO. 20 

2 to 4 ft. in length SO . 30 

Engineering Extras per 100 Lb. 

Listing No charge 

Detailing, and making of placing plans from 
designs prepared by others. 

Less than 15 tons, maximum charge of S60. . SO. 25 

15-100 tons, maximum charge of S300 SO. 20 

100-200 tons, maximum charge of S500 SO . 15 

200 to 500 tons, maximum charge of SI, 00*0 . SO . 125 

Over 500 tons, no maximum charge SO . 10 

Designing detailing extras + SO . 20 

Freight per 100 Lb. 

Actual freight charge (car load or less than car 
load lots) from miU or main warehouse to 

destination Actual freight 

Dehvery per 100 Lb. 

Delivery by truck from local warehouse or 

station to job site not less than S0.05 


26. Labor Quantities and Costs. — ^The labor required will 
depend upon the amount of cutting and bending to be done at 
the job, upon the difficulty of placing the bars in the forms, and 
also upon the sizes and lengths of the different bars and the 
number of stirrups and column ties. 

Cutting to specified length is usually done by the manufac- 
turer, and consequently, only a little cutting, if any, will have 
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to be done at the job. Tbe time required for cutting will usually 
range from 1 to 3 hr. per hundred cuts depending on bar sizes, 
tools available, and workmen. If the bars must be sawed, the 
labor will be increased greath*. 

The time in hours required for making 100 bends or 100 stand- 
ard hooks is given in Table 5-14. 

T.^ble 5-14. — ^L.«30B-hovp.s Required for Maeikg 100 Bexds or 100 

Hooks 


Size of bar, inches 

1 

1 

1 

1 

By hand 

j B 3 ‘ machine 

Bends, 
hours ! 

Hooks, 

hours 

Bends, 

hours 

Hooks, 

hours 

or less 

1 

2-4 

3- 6 

0.8-1. 5 

mm 

✓ 5? ^4? y S ' • • 

1 2.5-5 

4- S 

I 1. 0-2.0 

[ 1. 6-3.0 

1 and IJ^ 

3-6 

i 5-10 

1.2-2. 5 

1 2.0-i.O 

1}4 2nd 1J4 

4—7 

i 6-12 

1. 5-3.0 

' 2. 5-5.0 


The time required for placing 100 bars is given in Table 5-15. 
This time includes placing chairs and spacers; placing bars, 
stirrups, and spirals ; and wiring in position. 


T.able 5-15. — ^L-Ibor-hocrs Required for Pl.\cin'g 100 B.i.rs 


Size of bar, inches j 

Length of bar, feet 

Under 10 10-20 

20-30 

Labor-hours per 100 bars 


! j 

! 3. 5-6.0 i 5.0- 7.0 

1 4. 5-7.0 i 6.0- S.5 

5.5- S.O i 7.0-10.0 

6.5- 9. 0 1 8.0-12.0 j 

1 6.0- 8.0 
7.0- 9.5 

1 8.5-11.5 
; 10.0-14.0 

54 and K 

IH and IK 


The bending and placing of steel reinforcement bars may be 
done by handy men, at an hourly wage of SO .90 to SI. 50, under 
the direction of a competent foreman (wage S1.50 to S3 per hour). 
In localities where union rules require a certain class of laborers, 
the wages of the laborers will probably range from S1.50 to S2 
per hour. 
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If the reinforcement has to be piled or repiled at the job, an 
allowance of S0.05 per 100 lb. is usually enough to cover the 
cost of each pihng or repiling. A laborer can pile or repile 
1,000 to 2,000 ft. per hour, or about 2,000 to 4,000 lb. per hour. 

Diagram 5-8 (page 577) gives the labor costs for making bends 
and hooks, and Diagram 5-9 (page 578) gives the labor costs for 
placing reinforcement bars. 

26. Plant. — When the cutting and bending is done by the 
manufacturer, the plant required b}’’ the contractor is very little. 
Only hand tools will be required for placing and tieing. The cost 
of these tools should range from about -SO.Ol to $0.0.3 per 100 lb. 
of bars. 

If the cutting and bending are to be done at the job, the con- 
tractor •will need hand or pow'er shears for cutting and one or 
more hand benders (depending on size of job) and perhaps a power 
bender also. Plant costs for cutting should range from $0.01 
to .$0.03 per 100 cuts, depending upon the particular job. Plant 
costs for bending with hand machines may vary from .$0,003 to 
$0.02 per 100 bends. Por bending vdth power machines, the 
plant costs per 100 bends ■will be about the same, as the power 
bender is faster though more costly to buy and operate. 
Trucking costs to and from the job mil be extra and should be 
allowed for. 

27. Overhead and Profit. — Overhead charges for bending and 
placing reinforcement are usually based on labor costs and vdll 
range from about 15 to 40 per cent when aU such expenses as 
general supervision, timekeeping, pay roll, compensation and 
liability insurance, and social-security tax are included. In 
some instances on reinforced concrete work, overhead expenses 
are charged to the job as a whole and not apportioned to forms, 
concrete, and reinforcement. 

On a reinforced concrete job, profit Ls often estimated on the 
job as a whole and is not apportioned to the several parts of the 
job. However, if the reinforcement is to be coasidered as a 
complete irnit by itself, then an allowance should be made for 
profit. 

28. Summary. — ^The complete estimate for the reinforcement 
on a reinforced concrete job would include costs of materials, 
labor, plant, overhead, and profit (if not otherwise apportioned). 
This summary may be tabulated as follows: 



COXCBETE 


147 


Unit Cost Unit Cost 

Item por 100 Lb. per ton Total Cost 

Materials . . . § § g 

Labor 
Plant 
Overhead 

Profit . . . 

Total § S .§ 

29. lUtistrative Esrimate on Reinforcement. — Make a complete cost 
estimate of the reinforcement in place for the bars listed in the following 
table. Compute the weights and cos's of the steel delivered at the job, 
assuming a base price of -S2.6C per 100 lb. and a freight rate of .SO.2.5 per 100 
ib. -AJIovr S0.30 per 100 lb. of bars for chairs, spacers, and ties. Steel 
will be cut to length by the manufacturer, but all bends and hooks wQI be 
made at the job. 

On most jobs, the manufacturer will cut the bars to specified length 
and make all bends and hooks. He will also make all bends and hooks for 
stirrups, and will make all column spirals and attach these spirals to spacers. 
It is usually advisable to have as much work as is practical done by the manu- 
facturer. so that the work at the job will be less. 

Consider ertras for quantities and sizes and truck delivery as previously 
given. There wil] be no c.vtras for bending and for engineering services. 

.AH work is to be done by a gang of 1 foreman ($1.30 per hour) and 3 
handy men ($0.70 per hour each). (December. 1946. wages are about 55 
per cent more. 

.Allow 31 per cent of labor cos: for overhead and 9 per cent of all costs 
for profit. 

Compute the total cost of steel placed in the forms. Also compute 
cost of steel per 100 Ib. and per ton. 


REcvroncrs'G-BiK List 


Size of bars, in. 

1 

1 1 

j Lin. ft. 

1 1 

> , 

; 

Xumber of 

0-10 ! 10-20 
ft. 1 ft. 

bars 

20-30 
j ft. 

! 

j 

' Bends 

t 

Hooks 

Js round 

.. 1,092 1 

14 

1 

1 44 

16 

1 Xone ^ 

Xone 

54 round 

.. 1,266 i 

42 

, 65 

[ 0 

S6 i 

65 

54 round 

1.972 i 

57 

52 

2S 

06 

109 

1 round 

.. 2.S46 f 

95 

1 74 j 

3S 

72 1 

110 

J-4 square 

1S6 . 

. - . 

V 1-1 ' 

1 

! Xone 1 

Xone 

1 sousre 

192 

, - 

i 12 1 . . i 

Xone 1 

Xone 

54 round, ties 

714 

102 

1 -- i 


40S 1 

Xone 

51 round, stirrups 

976 1 

324 

' ■■ 1 

) 

■ 64S 1 
1 

64S 


All bars are deformed except the Jt-in. round ties (tor columns), which 
are plain. 
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I '<8 

-'I'lio \v('iKli<H mid costs of the steel may be tabulated and 
miimuod up tin in I he following table. 


fjWo ot baia, in. 

bin. 

ft. 

IVb. 

lb. 

poi ft. 

Wb, 

11). 

■■ - - ^ 

Unit costs 

Total 

cost 

Base 

Quan- 

tity 

Size 

Freight, 

del. 

Total 

^stonnd 

1.002 

0.376 

411 

S2.60 

SO. 15 

SO. 40 

SO. 35 

S3. 50 

S 14.40 

*'v) unnni 

l,2t)() 

l.Ol 

1,317 

2.60 

0.15 

0.10 

0.35 

3.20 

42.10 


1,072 

1.50 

2,060 

2.60 

0.15 


0.35 

3.10 

91.80 

1 ^ 

2,StO 

:2.G7 

7,600 

2.60 

0.15 


0.35 

3.10 

235.60 

H siptaio 

ISO 

0.S5 

15S 

2.60 

0.15 

0.20 

0.35 

3.30 

5.20 


102 

3.40 

653 

2.60 

0.15 


0.35 

3 in 

20.25 

''s lonnd, tios 

71-1 

0.376 

26S 

2.60 

0.15 

0.40 

0.35 

3.50 

9.40 

tonnvl, atuTups, , 

070 

0.376 

367 

2.60 

0.15 

0.40 

0.35 

3.50 

12.85 

Total for barv- . . , . , 




13,734 





S3. 14 

$431.60 


for .S'Aoor^ and niro at SO.SO per 100 lb, of bars 


41.20 


Wm.-vI fot ,a11 .-'tori dolivcn'd at job alto 


$472. SO 
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No labor costs are apportioned to the %-in. round ties for columns, as 
the cost of securiug these in place is included with the labor cost of placing 
the J^-in. square and 1-in. square column bars. 

On a Job of this size, many estimators, perhaps, would not go into as 
much detail in preparing the labor estimate. In this particular problem, 
the labor estimate is worked out in detail so that the use of the method will 
be understood. 

Total labor-hours for placing = §44.55 $0.85 = 52.5 hr. 

Total labor costs, bending and placing = $26.05 -f $44.55 = $70.60 

Plant . — The plant required for this job would be 1 machine bender, 
about 2 benches, and several hand tools. Plant charge may be estimated 
at about $0.0125 per 100 lb. of bars, or about $1.60. To this must be added 
the costs of trucking bender and tool box to and from the job, say $2 for 
each. Total plant = $5.60. 

Overhead . — This will be 31 per cent of the labor cost, and equals 31 per cent 
of $70.60, or $21.90. 

Profit . — This will be 9 per cent of aU of the other costs, or 9 per cent of 
the sum of $472.80 70.60 -1- 5.60 -|- 21.90, and equals $51.40. 

Summary . — The total estimate, on the assumption that this job is a 
complete job by itself, including overhead and profit, will be summarized 
as follows: 



Unit Cost 

Unit Cost 


Item 

per 100 Lb. 

per Ton 

Total Cost 

Materials 

$3.44 

$68.80 

$472.80 

Labor 

0.51 

10.20 

70.60 

Plant 

0.04 

0.80 

5.60 

Overhead 

0.16 

3.20 

21.90 

Profit 

0.37 

7.50 

51.40 

Total 

$4.52 

$90.50 

$622.30 


D. ESTIMATING SURFACE FINISH 

30. Units of Measurement. — Surface finish of concrete sur- 
faces is usually measured by the square foot, except for such 
work as finishing coves and molding when the lineal foot is used. 

Some allowance should be made for going over the surfaces 
of concrete work after the removal of forms, patching up voids 
and stone pockets if any are present, removing fins, etc. On 
some jobs, this work is included with the labor required for 
stripping and cleaning of forms. However, on other jobs, the 
contractors consider the work of surface cleaning or finishing as 
a separate item and prepare their estimates accordingly. 

All different types of surface finish should be measured and 
described separately. That is, the kinds of finish (troweling, 
rubbing, tooling, scrubbing, washing, sandblasting, terrazza 
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granolithir, etc.) .should be lifted separately ’with enough explana- 
tion so that a reasonable estimate of the required materials, 
labor, and plant may be prepared. 

31. Materials. — No materials arc required for such tj'pes of 
finishing as simple troweling, washing, and rubbing, but materials 
are needed for a cement-mortar finish, and for terrazzo and 
granolithic finishes. 

Thf’ quantities of cement and aggregate required for 100 sq. ft. 
of surfacing 1 in. thick ■irill depend upon the mix. Table 5-16 
gives the quantities required for various mixes. Quantities 
required for other thicknesses are readily computed from the 
values given. The aggregate maj- be all sand, part sand and 
part fine crashed stone, sand with stone (granite or marble) 
chip.s for surfacing, or all fine crushed stone. 

T.^ble .>16. — Arpp.oxiMATE Qr.AXTiTiES Requiked for 100 Sq. Ft. of 
S rRF.ACE FmsH 1 lx. Thick 


Material i X j 

1 1-1 I I-IH j 1-2 

1 1-23^ 

! 

1-3 

Cement, sack 

AcCTCgatc, cu. ft 

i 6.0 1 4.8 
! 6.0 j 7.2 

4.0 

5.0 

3.5 

8.5 

1 

3.0 

1 9.0 

1 

Mix by weight 

1 1-1 I 1-lM j 

i 1-2 

; 1-2M 

* 1-3 

Cement, lb | 600 | 4S0 

Apcregatc. lb ! 600 j 720 

- ’ 1 J 

H 

345 

860 

300 

900 


An allowance of water for all purposes of about 75 to 150 gal. 
per 100 .sq. ft. of surface is usually satisfactory. 

The price of cement at the job -will be found in the .same manner 
as in Art. 17 of this chapter. The aggregates used are often 
special, such as washed and graded sand, graded stone chips, 
granite chips, or marble chips. These materials are often 
delivered in sacks weighing 100 to 200 lb. The price of aggregate 
at the job varies considerably and may range from about SO.IO 
to §0.50 per 100 lb. 
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32. Labor. — The approximate amounts of labor required for 
various types of surface finishing is given in Table 5-17. 

Table 5-17. — ^Approximate Labor-hours Required for Finishing 

Concrete Surfaces 

Kind of Work Labor-hours 

Troweling floor, walls, sidewalks, etc. (100 sq. ft.) 1-4 

Troweling plain base, cove, etc. (100 lin, ft.) 1-4 

Troweling fancy base, cove, etc. (100 lin. ft.) 3-7 

Carborundum rubbing of floor and wall surfaces (100 sq. 

ft.) 4-12 

Carborundum rubbing of window sills, base, cove, etc. 

(100 lin. ft.) 4-14 

Machine grinding (100 sq. ft.) 3-12 

Ornamental tooling, various kinds (100 sq. ft.) 8-20 

l-in. granolithic or terrazzo finish laid after concrete has 
hardened, including mixing and placing (100 sq. ft.) . . 7-15 
l-in. granolithic or terrazzo finish laid integral with the 
concrete, including mixing and placing (100 sq. ft.), . .5-12 


Removing fins, patching pockets, etc. (100 sq. ft.) .... 1-4 

Scrubbing surface (100 sq. ft.) 2-5 

Washing surface with acid (100 sq. ft.) 2-5 

Sandblasting surface (100 sq. ft.) .3-6 

Cement or other surface work per coat, (100 sq. ft.). ... 2- 5 


Skilled labor is required for surface finishing, though some 
unskilled labor may be used for helping in some instances. 
Prices of skilled labor for finishing may range from about $1 
to S2 per hour. 

Diagram 5-10 (page 579) may be used for estimating labor costs 
of surface finishing when the hourly wage and labor-hours 
required per 100 sq. ft. of surface are known or assumed. 

33. Plant. — ^The plant required will vary from a few hand tools 
required for troweling to a combination of hand tools, small 
mixers and accompanjdng equipment, and machine grinders 
required for granolithic or terrazzo finish. Sandblasting requires 
a machine, hose, etc., and a supply of fine sand. Scaffolding of 
some sort must be provided when walls and ceilings are to be 
finished. 

It is practically impossible to give any accurate plant costs in 
general because the requirements of the individual jobs vary so 
greatly. Plant costs may range from a few cents to several 
dollars per 100 sq. ft. of surface. 
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34. Overiiead and Profit. — Overhead costs of surface finishing'^ 
are usually based on labor costs and may range from about 
20 to 50 per cent of the cost of labor. 

The profit may range from about 5 to 20 per cent, depending 
upon circumstances. 

35. Summary. — The total estimate for a surface-finishing Job 
will include materials (if any required),, labor, plant, overhead, 
and profit (if a separate job). 


36. UlostratiTe Estiinate on Snrfece Finisliing. — ^Estimate the cost of 
100 sq. ft. of Torrazzo stirface finish 2}-2 in- thick and placed in two cottrsss. 
The first course is IJ-jt in. thick and is a mortar course composed of 1 part 
of Portland cement to 3 parts by weight of sand. The second course is 
1 in. thick and is composed of 1 part of portland cement to 2 parts bj* weight 
of marble chips. Prices of materials at the job are cement §0.70 per sack, 
sand §2.05 per ton, and marble chips §0.2-5 per 100 Ib. Labor gang will 
consist of 1 foreman at §2 per hour, 2 finishers or grinders at §1.50 per 
hour, and 3 laborers at §1 per hour. 

Iktimate for first or base coarse, ilix is 1 to 3. Course is 1.5 in. thick 


(see Table 5-16). 

Cement, poimds = 300 X 1.5 in. = 4501b. = 4.S sacks at §0.70 = § 3.36 

Sand, pounds = 900 X 1.5 = 1,3-50 Ib. at §2.05 a ton = 1.39 

Water, estimated at = 0.10 

ilaterisls = S 4.S5 

Labor, miring, placing, striking ofi, sav 2.50 hr., at average wage , 

of ^ y --jr or §1.33 per hr. = S 3.33 

Plant, say about §1 = 1.00 

Overhead, say 32 per cent of labor = 1.0/ 

Profit, say 10 per cent of other costs = 1-03 

Total for first course = ^11. 2S 


Estimate for second or wearing course. is 1 lO 2. Course is 1 in. 


thick (see Table 5-16). 

Cement, nounds = 400 = 4.25 sacks at §0.<0 
hlarble chips, pormds = SOO at §0.25 per 100 lb. 

Water, estimated at 
Materials 

Labor, mixing, placing, troweling, and grinding, say 7 hr. at an 
average wage of §1.33 per hr. 

Plant, mixing and grinding, say about 
Overhead, 32 per cent of labor 
Profit, 10 per cent of other costs 
Total for second or wearing course 


= § 2.9S 
= 2.00 
= 0.10 
= .? 5. OS . 


= § 9.33 
1.25 
= 2.99 

= 1.S7 

= §20.52 


Total for 100 sq. ft. both courses 
(or about §0.32 a square foot) 


= §31. SO 
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E. COMPLETE ESTIMATES 

37. Complete Estimates. — A complete estimate of a structural 
concrete job mil include costs of forms, concrete, reinforcement, 
and surface finishing (if required). Curing costs are usually 
included in the concrete estimate, though many estimators add a 
separate item for curing in cold weather. 

On almost every large concrete job, there are a number of 
miscellaneous items which need consideration. ]\Iost estimators 
include these items or allow for them in the overhead charges 
apportioned to the different parts of the whole job. The per- 
centages charged to overhead should be large enough to include 
all general overhead, cleaning up and miscellaneous items. 
Cleaning up may cost about of 1 per cent to ^ of 1 per cent 
of the total costs. Miscellaneous and sundry expenses and 
contingencies may vary from about 2 to 5 per cent of the total 
cost. Such expenses should preferably be included in the allow- 
ance for overhead. 

Some estimators use different percentages for overhead for the 
different parts of the work (forms, concrete, etc.) and include 
overhead and profit vith the estimates for each kind of work. 
Other estimators use the same percentage for overhead for all 
parts of the work, and then include overhead and profit as 
separate items. The first method seems preferable. 

38. Summary. — The complete estimate for the entire job may 
be dirided and itemized and summarized as desired. On unit- 
price jobs, the cost per cubic yard of each class of concrete is 
tabulated. 

When overhead and profit are apportioned among the different 
parts of the work, the estimate maj’' be summarized as follows: 

Item 

Forms 

Ck)ncrete 

Reinforcement 

Surface finishing . . 

Cnring (if separate). 

Total estimate 

If it is not desirable to apportion the overhead and profit, the 
summary’ maj' be as follows: 


Unit Cost 

per Gu. Yd. Total Cost 

$ S 


S 
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Unit Cost- 

per Cu. Yd. Total Cost 

Forms (materials, labor, and olant). $ S 

Concrete, (materials, labor, and 

plant) 

Reinforcement, (materials, labor, 

and plant) 

Siinace finisbing. (materials. labor. 

and plant) 

Curing (if separate) (materials. labor, 

and plant) 

Overhead 

Profit 

Total estimate -S S 

Estimates for unit price jobs may be tabulated as foUotvs for 
each class of concrete. Each item listed includes its proportion 
of overhead and profit. 


Class A Class B 
Cost per Cost per 

Item Cu. Yd. Cu. Yd. Etc. 

Forms -$ S § 

Concrete 

Reinforcement 

Curing (if separate) 

Surface finishin g (if any) 

Total costs per cubic yard -S S § 


When the overhead and profit are included as separate items, 
the summary may be as foUotvs: 


Item 

Forms 

Concrete 

Reinforcement 

Curing (if separate^ 

Surface finishing (if any). . 

Overhead 

Profit 

Total costs per cubic yard 


Class A Class B 

Cost per Cost per 

Cu. Yd. Cu. Yd. Etc. 

s s s 


Total costs for any class of concrete -would equal the unit cost 
multiplied by the yardage for that class. The total cost of the 
iob would equal the sum of the total costs of the different classes 
of concrete. 
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T. ESTIMATIKG- C0IvC?3XB M^UJLS 


39. Items Included. — W al ks are usually ktdlt npoii ike 
ground, and ;door5 may "be "btuli; either on ine gronnd or Troon 
otker DonstracTions. The subject of esmuuiing of reinforced 
concrete floors kas been corered preTTonsly in ibis enanter. 
Tbe TTork of binlding a sideTralk (or a floor npon the groirod} 
may inclnde tbe foborong items: 

1. Excaraiion or flTI. 

2. Lerebng and tamping ibe soil 

3. Placing, tamping, and leTeling cinder base. 

4. PLadng screeds or forms TTbere required. 

5. biixing and placing ibe concrete. 

6. Pinisbing tbe concrete surface by trorreling and rooling tbe 
surfaces and joints. 

7- Cuiing Tbe concrete. 

8. Pemoring forms and cleaning up. 

40- Units of Ivleasnremenx. — Walks and floors are usually 
measured by tbe square foot rntb xbe thickness and mi- sra^ed. 
Tbe thickness may naiy from 3 ro 6 in., 4 or 5 in. b^g 
common. 

Practically all modem Tralks are eonsTructed in one course 
rdtb tbe eemenx measured in sacks or by ~ei^x. the aggregaxes 
by vreigbt, and tbe xrater by U. S. gallons or pounds. Horn ever, 
some two-course walks are being builx, and on some jobs xbe 
materials are measured by w olume. 

41. Materials. — -Tbe subject of excaraiion and nil bas been 
corered in Cbap. IIL Tbe reader is referred xo tbai cbapxer 
for information on estimating excararion and SIL 

Cinders . — ^Tbe materials required for tbe cinder base will 
depend on wbetber or nox this base is required and on xbe xbick- 
ness specified- A thickness of 5 in. is recommended. Cinders 
are usually purchased by xbe cubic yard. 


Tx3i^ .5-1 S. — Cxfonss EnarisED roa Bisns roa Coiccasxs Vsjoje-, 
Comjj^cted liickness of base, incbes j 2 j 3 ' 4 ^ 5 { 5 


Cubic i-^srds ptr lOD sq. fi. of waTi:, J j ' ^ 

assTux^g Sliders measured loose 

and c'^: 2 ir!acfeig 25 per cenf ^ 0.S3 ' 1.24 1.55 2.03 


2 
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The price of cmders delivered at the job will vary from about 
SI a cubic yard and up, depending upon the first cost and the 
transportation costs. 

Joint Filler . — The joint filler should be premolded strips of 
bitumen-filled fiber or mineral aggregate, 0.50 in. thick, as wide 
as the thickness of the concrete, and as long as the width of the 
walk. 

Concrete Materials . — ^The quantities of materials required for 
100 sq. ft. of walk will depend upon the thickness of the walk 


T-\BLE 5-19. rklATERL\.I.S PLEQtnEZD FOR 100 Sq. Ft. OF WaLK 

Proportions by weight 



Thickness of walk, inches 

Mix and materials, 4-in. slump, 

. medium 

3 

1 ^ 

1 - 

5 

6 



Quantities 


Mix 1-2.0-3.0, 6 gal. per sack: 



! 10.20 


Cement, sacks 

i 6.1c 

8.15 


12.25 

Sand, tons 

0.60 

0.77 

; 0.95 

1.15 

Gravel, tons 

O.SS 

1.15 

1 1.45 

1.75 

Mix 1-2.5-4.0, 7.5 gal. per sack: 





Cement, sacks 

4.95 

1 6.55 

8.20 

i 9.85 

Sand, tons 

0.58 

1 0.77 

0.96 

1.15 

Gravel, tons | 

0.92 

1.23 

1.55 

1.85 


Table 5-20. — jMATERUi^ Required fob 100 Sq. Ft. of Walk 
Proportions by volume 


Mix and materials, 4-in. slump, 
medium consistency 

Thickness of walk, inches 

3 1 'I 5 6 

! * 1 ! 

Quantities 

Mix 1-2.0-3.0. 6 gal. per sack: 



i 


Cement, sacks 

6.15 

8.15 


12.25 

Sand, cubic vards 

0.46 

m&m 


0.90 

Gravel, cubic yards 

0.68 

MM 

1.15 

1.35 

Mix 1-2.5-4.0, 7.5 gal. per sack: 






4.95 

! 6.55 


9.85 

Sand, cubic vards 

0.46 

0.62 


0.90 

Gravel, cubic yards 

0.73 



1 -45 
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and the proportions of the mix. "RTienever practical, the mate- 
rials should be measured by weight. A thickness of 5 in. is 
recommended. For a one-course walk a 1-2-3 mix should be 
used. For good durabihty in unprotected places, a maximum 
of about 6 to 6.50 U. S. gal. of water per sack of cement is recom- 
mended. Tables 5-19 and 5-20 give the quantities of cement, 
sand and gravel required for different thicknesses and for different 
mixes. The aggregates are sand and 1-in. gravel. 

42. Labor. — ^The labor required for constructing 100 sq. ft. of 
concrete sidewalk will depend upon the particular job, the skill 
of the gang, and the distances thar the materials and concrete 
must be transported. 

The cement and aggregate piles should be placed as close to 
the mixer as practicable, and the mixer should be located so that 
the distance that the concrete must be transported is a minimum. 
With a small mixer (about a one-haif bag), a concrete crew of 
about 3 to 6 men is satisfactory. For a one-bag mixer, a crew 
of 5 to 10 men may be needed. 

For good curing, a covering (canvas, burlap, sand, straw, etc.) 
should be placed over the fresh concrete as soon as the surface 
has hardened sufficiently, and this covering should be thoroughly 
wet at least twice a day on dry days for a week. 

The approximate labor required for the construction of one- 
course concrete sidewalks is given in Table 5-21. 

Table 5-21. — Approximate Labor Required for Concrete Sidewalks 

Labor-hours per 
100 Sq. Ft. of 


Item Walk 

Leveling and tamping soil 1-3 

Placing, leveling, and tamping cinders 1-3 

Placing forms and screeds 1—3 

Mixing and placing concrete 2-5 

' Finishing 1— 4 

Curing, removing forms, cleaning up 1-3 

Total 7-20 


Labor wages vary at different times and in different localities. 
Hourly wages are approximatel 3 ’^ as follows: foremen 81.50 to $3; 
finishers, mixer operators, carpenters SI to S2.25; and ordinary 
labor S0.65 to S1.25. 

43. Forms. — Either lumber or metal forms may be used. 
Lumber forms are usually 2 in. thick and of a tvidth equal to 



COXCEETE 


159 


the depth of the vralk. Metal forms should be strong. One 
stake is required for about every 3 to 5 ft. of form length. The 
lumber cost per lineal foot of forms vill vary from about §0.05 to 
SO. 13 for first cost. As the salvage value is high and the lumber 
may be used many times, the average cost (assuming salvage 
and reuse) viU be about S0.02 to S0.05 per lineal foot. Aletal 
forms trill cost about the same or perhaps a little more. Some 
estimators consider the sidevalk forms as a part of the plant, 
and include the form costs trith the plant costs. 

44. Plant. — The plant and equipment required for the con- 
struction of concrete vaEis vrill include a smaU mixer, hose, 
vrater-measuring deduce, scale, barrovrs or carts, plank for run- 
vrays, shovels, tampers, and hand tools for form builders and 
finishers. 

The plant cost per cubic yard of concrete for a vralk may range 
from about §0.35 to S3 per cubic yard of concrete, or from about 
S0.50 to S4 for 100 sq. it. of valk 5 in. thick. 

45. Overhead and Profit — Overhead costs vtill probably range 
from about 20 to 50 per cent of the labor costs. 

Profit may range from about 5 to 15 per cent, vrith about 10 per 
cent as a fair average value. 

46. Summary. — ^The estimate for concrete walks may be 
summarized as follows: 


Itevi 

ilaterials 

Labor 

Forms 

Plant 

Orerhead 

ProSt 

Total 


Unit Cost 

per Sa. Ft. Total Cost 
S * § 


47. Illustrative Estimate for Concrete Walks, — An estimate is required 
for n one-course concrete sidevaik. o ft. ivide and 620 rt. long, me tvaik 
is to be 5 in. tbick and is to have a 4-in. cinder base. Concrete mis bv 


vreight vrith l-in. aggregate is to be 1 to 2 to 3. Land surface conforms to 
grade so that there will be bat little excavating and leveling. Prices of 
materials deliverk at the fob are cement -S0.75 per sack net. sand -$1.50 per 
ton. l-in. gravel S1.70 per ton. and cinders -SI. 10 per cubic yard. Cost oi 
water is nominal and may be taken at S0.20 per 100 sq. ft. of walk to aHow 
for wetting dorm, concrete mbdng. coring, and waste. Hourly wages of 
laborers and number of men in the crew are 1 foreman at S2, 1 mmer opera- 
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tor at $1.25, 1 finisher at $1.50, 1 handy man (rough carpenter) at $1.15, 
4 laborers at $0.75 each. Plant costs are $1.05 per 100 sq. ft. of ~alk. 


Ch’^erhead is 25 per cent of labor cost. Profit is 10 per cent. 

Concrete -ralk estimate. Take totals to nearest dollar. 

Area = 620 X 5 = 3,100 sq. or 31 squares 

Cost per Total 
100 Sq* Ft. Cost 

hlaterials: 

Cinders (see Table 5-18), 1.65 cu. yd. at $1.10 =$1.82 $ 56 

Cement (see Table 5-19), 10.20 sacks at $0.75 = 7.65 237 

Sand, 0.95 tons at $1.50 = 1.42 44 

GraTel, 1.45 tons at $1.70 = 2.46 76 

Water, =0.20 6 

Asphalt-impregnated fiber for expansion joints, sai' =0.50 16 

Total materials =$14.05 $ 435 

Labor: 


ATerage hourly rate is (2.00 -r 1-25 -r 1.50 -f 1.1-5 -p -1 X 0.75) 


Leveling and tamping soil, szj 1 hr. at $0.75 


- 5 - 8 

$ 0.75 

= $1.11 
$ 23 

Spreading, tamping, and leveling cinders, say 2 hr. 
at $0.75 


1.50 

47 

Forms, say 1 hr. at $1.15 

= 

1.15 

36 

Aliring and placing concrete, A5 hr. at $1.11 

= 

5.00 

155 

Finishing, 2 hr. at $1.50 

= 

3.00 

93 

Curing and cleaning up, sa^' 2 hr. at $0.75 

= 

1.50 

46 

Total labor 

= 

$12.90 

$ 400 


Forms. Say 2 X 20 = 40 ft. of 2-b3--4’5. Say 10 stakes. 

Assume salvage value at 75 per cent and lumber at $90 per 1,000 ft. b.m. 
- 1(1 5 ^ 

Cost of 2-b3'-4’s = X ^ X $90 X (100% - 75%) = $0.70. 


Cost of stakes, say $0.50 for 10. Total forms 

= $ 1.20 

$ 

37 

Plant 

= 1.35 


42 

Overhead. 25 per cent of labor ($12.90) 

= 3.23 


lOO 

Profit. 10 per cent of all other costs 

= 3.27 


102 

Total estimate 

= $36.00 

sI 

,116 


Unit cost per square foot is $0.36 

G. ESTIMATmG CONCRETE ROADS AND PATEMENTS 

48, Items Included in Estimate. — ^The items included in an 
estimate for a concrete luglnvay vrould be niateiials, labor, plant, 
overhead, and profit. However, on most jobs it is often con- 
venient to regroup these items according to the different divisions 
of the work. Such a regrouping may give: 

1. Materials costs. Cost of cement, fine and coarse aggregates, 
water, reinforcement, and miscellaneous materials delivered to 
the contractor. 
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2. Materials yard. Costs of labor, equipment, and overhead, 
for handling, storing, and measuring materials at the materials 
yard (see Chap. 11 on Handling and Transporting ^lateriais). 

3. Transportation of materials. Costs of transporting mate- 
rials to job (see Chap. II on Handling and Transporting 
^laterials). 

4. Construction of pavement. Costs of labor, equipment, 
and overhead required for constructing the concrete pavement. 
This trill include 

a. Excavation and fiU. Usually the excavation and fill are 
constructed by a difierent contractor, and the roadvay base 
is at grade. This item trill rarely appear in concrete paving 
estimates (see Chap, in on Excavation). 

b. Leveling subgrade. Oecasionaiiy some equipment and 
labor may be required for bringing the subgrade to the 
exact grade desired. 

c. Providing tvater supply for mixer and for curing. 

d. Forms. Placing and removing as work progresses. 

c. Placing reinforcement, usually placed trith concrete. 

/. IMixing and placing concrete. 

g. Finishing surface. 

h. Curing. 

{. Cleaning up (if considered as a separate item). 

49. TTnits of Measurement — The common unit of measure- 
ment for concrete roads and pavements is the square yard of 
pavement surface, trith thickness, reinforcement, concrete mix, 
and other details stated. Sometimes other units, such as 100 
sq. ft.. 100 sq. yd., cubic yards per mile, cubic yards per station, 
foot-mile (1 ft. tride and 1 mile long), etc., have been used. 

The materials that the contractor u^e^ tvili be priced in other 
units, e.g.. such as 

Cement, sacks, barrels, 100 Ib., or tons. 

Fine aaErescate (sand), cubic yards or tons. 

(cravel or crushed stone), cubic yard^ 

or tons. 

Reinforcement, pounds or tons. 

Water, gallons, 1,000 gaL, etc. 

50. Materials. Concrete Materials. — ^The materials required 
for concrete are cement, vrater, and fine and coarse aggregates. 
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The amoimts of the difi'crcni materials required per square yard 
of pavement, will depend upon the proportion of the mix and the 
average thickness of the pavement section, Pavcment.s vaiy 
from about 5 to 12 in. in average thickness, values of 6 to 9 in. 
being common. The amoiint of concrete required per square 
yard of pavement surface is as follows: 


Thickness, 
Inches 
5. . . . 
6 ..,. 


S 

9 

10 

11 

12 


Cu. Yd. of Con~ 
CTCI e per Sq. Yd. 

of Surface 
.... 0.1S9 

0-167 

.... 0.195 

0.222 

.... 0.250 
.... 0,27S 
, , . . 0.S06 
.... 0.SS3 


]\Ian 3 ’ pavements have thickened edges, and the thickness 
consequentlj- varies from one side to the other of the pavement. 
When estimating the quantity of concrete in cubic yards per 
square jmrd of pavement surface required for such pavements, 
the estimator first assumes a convenient length of pavement, 
then finds the cross-sectional area and multiplies this area 
by the assumed length to obtain the volume. Dmding this 
volume in cubic j’-ards bj" the area of this portion of the pavement 
in square yards gives the average number of cubic yards of con- 
crete required per square yard of pavement. 

The consistencj* of the mix is veiy stiff. A slump of about 1 to 
1.5 in. is common with machine finislung, and a slump of about 
2 to 3 in. with hand finislung. 

The proportions are practically always given by weight, and 
may vary from about l-2-3,5 to 1— 3-4.5, with water varying 
from 5 to 6 g,al. (41.7 to 50 lb.) per 100 lb, of cement. The 
cement may vaiy frotn about 500 to 700 lb. per cubic yard of 
concrete. The mix is usuallj* designed to give a 2S-day modulus 
of rupture (cross-bending strength) of from 500 to SOO lb. per 
square inch, and a corresponding compressive strength of 
3,500 to 6,000 lb. per sqtiare inch. 

When the proportions are given, the estimator may compute 
the quantities of materials per cubic jmrd of concrete according 
to the methods explained in Section B of this chapter. ^Methods 
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After the materials yard costs per ton (or other suitable unit) 
have been found for each material, these costs may be reduced 
to unit costs per cubic yard of concrete or per square yard of 
pavement as desired. 

Materials yard costs (plant, labor, and overhead) may range 
from a few cents up to a doUar or so per ton, depending upon the 
particular yard, and the proportional length of time it is oper- 
ated. For a well-operated yard, the cost may vary from about 
SO. 05 to SO. 50 per ton. 

If desired, an allowance for profit may be included when com- 
puting materials yard costs. 

52. Materials Transportation. — ^The cost of transporting the 
materials from the materials yard to the job will include equip- 
ment, labor, and overhead costs (plus an allowance for profit if 
desired) for the trucks and drivers. 

Perhaps the best way of estimating these transportation costs 
is to 

1. Compute total hoiuly cost of truck and driver. 

2. Compute time for one round trip in hours (load, travel 
loaded, unloaded, return, delays). 

3. Compute cost per trip. 

4. Compute cost per ton (or per cubic yard) for transporting 
materials by di%iding cost per trip by tons carried per trip. 

5. Reduce cost per ton to cost per square yard of pavement 
surface, noting that 1 cu. yd. of concrete weighs approximately 
4,000 lb., or 2 tons. 

The reader is referred to Chap. II on Handling and Trans- 
porting of Materials for methods of computing transportation 
costs. 

53. Pavement Construction. — The items mentioned in Art. 
48 (Items Included in Estimate) of this chapter will be discussed 
in order. 

Excavation and Fill . — This work is usually done by another 
contractor, and will not be considered here. 

Leveling Suhgrade . — On almost everj’’ job, a little leveling of the 
subgrade will need to be done. An allowance of §0.35 to §1 per 
100 sq. yd. of surface will be sufficient when the work of excava- 
tion and fill has been well done. 

Providing Water Supply . — On some jobs, the water supply 
may be secured from a city or rfUage. Then the plant needed 
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wages of the workmen. Approximate costs of placing roinforce- 
im'iU, per stpiaro yard of pavement, may range from about 
§0.02 to S0.08. On many jobs, the cost of placing reinforcement 
is included witli the cost of mixing and placing the concrete. 

Mixiiuj and Placing Concrclc . — The plant and labor costs of 
mixing and jjlacing concrete in pavements will be comparatively 
low. Perhaps a cubic yard would be a better unit than the 
.'square yard for mixing and placing. Some estimators compute 
costs per cubic yard and then reduce them to costs per square 
yard, 'riie transportation of the plant to and from the job 
must bi' included in the total costs. In general, labor costs vary 
inversely with plant costs. Approximate values, not including 
transportation of plant, are as follows: 


ItOlJ) 

Per cubic: 
yard 

Per bciuart; 
yard 

I,abi)r-!uiur.s 

1 - 2 

0.25- 0.00 

ro.-it . 

$0.S0-S2.2') 

S'0.2.5-.S0.(>0 

I'iatit co.its 

0..50- 2.2'> 

0.1.5- 0 00 

Ovi-rlicad 

O.a.s- 0.1)0 

0.10- 0.25 

Profit 

0.20- 0.50 

O.O.V 0.15 

Total c’o.'it.s, niixingaiK! jilaciiij' 

.S2.20-.5.5. 10 

$0.00 -SI. 10 
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canvas or burlap can be used several times, ■will be about as 
follows; 


Covering mat 
Warer 


Labor. . . . 
Overhead 
Proat 




.SO.C0.3-.$O.OOS 
O.COL- 0.012 
0.060- 0.210 
0.020- O.OSO 
0.010- O.OSO 


Total 


.30.100-.30.340 


Cleaning Up . — Tiie cost of cleaning up the job will not be large, 
and ■will usually be less than 1 per cent of the sum of the other 
costs. Average costs may range from about S0.003 to 60.015 
per square yard. ^lany estimators include the cost of cleaning 
up in their overhead costs. 

54- Summary. — ^The cost items for a concrete-paving estimate 
may be tabulated and summed up in diuerent- ■ways. Some 
estimators consider overhead and profit as separate items, others 
include overhead and profit when estimating costs of different 
kinds of work, and others consider profit as a separate item and 
include overhead ■with the costs of various kinds of work, hlany 
contractors prefer the last method. Overhead costs may range 
from 15 to 40 per cent of all other costs, or from 25 to 55 per cent 
of labor costs alone. Rrofit may range from 5 to 20 per cent of 
the sum of all other costs. 

The tabulation may be as follows: 



CHAPTER VI 


MASONRY 

Masonry includes structui-es or parts of structures that are 
built by a mason of such materials as stone, brick, block, and 
tile. 


A. BRICK MASONRY 

1. Brick Materials. — Brick may be classified as to manufacture 
(burning, casting), materials (clay, cement, sand lime), kind 
(ordinary or common, face brick), and size. For estimating 
purposes, the quantity, kind, cost, and size of brick and thickness 
of joint are important. Brick sizes range from 2 to 3 in. in 
thickness, 3)4 to in. in nddth, 7)4 to 9 in. in length, and 
about 60 to 76 cu. in. in volume. The standard size is 2^ by 
3% by 8 in., wth a volume of 67.5 cu. in., and a wall surface area 
(when laid as a stretcher) of 18 sq. in. The thickness of the 


Table 6-1. — AppRoxiir.\TE NviCBER of Brick Required for 1 Cu. Ft. of 

Wall 


Average volume 
of one brick, 
cu. in. 

Thickness of mortar joint, inches 


He 

H 


I Number of brick 

60 

23.7 

22.4 

21.1 

18.6 

62 

23.3 

21.9 

20.4 

18.2 

64 

22.4 

21.3 

19.9 

17.8 

66 

21.9 

20.8 

19.6 

17.4 

67.5* 

21.4 

20.4 

19.1 

17.1 

68 

21.3 

20.3 

19.0 

17.0 

70 

20 .£ 

19.7 

18.6 

16.6 

72 

20.3 

19.2 

18.2 

16.2 

74 

19.8 

18.7 

17.7 

15.8 

76 

19.1 

18.2 

17.3 

15.4 


* Standard size. 
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joints may vary from to in., from K to >2 in- being 
common. 

Many estimators base their estimates for the number of brick 
on the number of square feet of wall surface, with walls 1, 2, 3, 
or 4 brick thick as the case may be. Other estimators base their 
estimates on the number of cubic feet of wall. 

Table 6-1 ^ves the approximate number of brick required per 
cubic foot of wall for varying sizes of brick and thicknesses of 
mortar joints. 

A simple method for finding the number of brick required for 
1 sq. ft. of waU of a thickness equal to the width of one brick 
is to lay out on a drauang board to scale a certain number of 
square feet of wall surface. Then the brick required for this 
area are counted and this number is divided by the square feet 
of waU surface to get the brick per square foot. This method 
is sufficiently correct for practical purposes. 

Table 6-2 gives the number of brick required per square foot of 
wall surface for brick of different sizes and for varjdng thicknesses 
of joints, and for a wall one brick thick. 


T-\ble 6-2. — AppRo :gnrA TE NviiBEH of Bkick RzQtriEzi) per Stiu.AaE Foot 

OF Wall Surface 


i 

Wall area of 
brick, sq. in. 

Thickness of joint, inches 

4 

5-/ . 

/1 6 

yS 



M 

Number of brick 

16 

i 

t _ 

i / . /o 

7.50 

1 7.25 j 

6. SO 

6.35 

6.00 

17 

7.35 

7.10 

1 6.90 ! 

6.45 

6.05 

5.75 

IS* 

7.00 

6.75 

j 6.55 

6.15 

5. SO 

5.50 

19 

6.65 

6.45 

1 6.25 

5.90 

5.55 

1 5.30 

20 

6.35 

6.15 

: 6.00 

1 5.65 

5.35 

5.10 

21 

6.10 

i 5.90 

i 5.75 

5.40 

5.15 

4.90 

2*2 

5.85 

5.65 

j 5.50 

i 5.20 

4.95 

4.70 

23 

5.60 

5.45 

j 5.30 

1 5.00 

4.75 

4.55 


* Standard size. 


The number of brick for a two-brick wall will be twice the 
values given in the table; for a three-brick wall, three times the 
values; and for a four-brick wall, four times the values. 
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Diagram 6-1 (page 580) shows the relations between wall area 
of brick, thicknesses of joints, and the number of brick required 
per 100 sq. ft. of waU surface. 

Different procedures are followed when openings are con- 
sidered. All large openings should be allowed for. Small 
openings (say about 2 sq. ft. or less) may be neglected imless 
there are many of them. Some estimators allow for all openings 
regardless of size, and other estimators allow for the larger open- 
ings only. 

Some allowance must be made for breakage and waste. This 
allowance may vary from 2 to 5 per cent for common brick and 
from 1 to 3 per cent for face brick and special brick of various 
kinds. 

The number of brick required for walls constructed of face 
brick backed with common brick may be estimated by making 
two take-offs, one for the face brick and the other for the common 
brick. Allowance should be made for headers when face brick 
are so used. For a check, the entire wall may be considered as 
being made of one kind of brick, and the total number of brick 
estimated. Thus, total nmnber should equal the sum of the 
face and the common brick. 

When estimating walls of brick veneer, usually consistiag of a 
single thickness of stretcher courses, it is customary to include 
the metal ties for bonding the brick to the waU. The number of 
brick and ties per square foot of wall and for common, English, 
Flemish, or other bonds may be found by the method of sketching 
previously mentioned. 

Brick are usually sold by the thousand; hence, the estimate in 
the take-off should tabulate the nmnber of each kind of brick in 
thousands. The price per 1000 brick varies in different local- 
ities and for different kinds of brick. Prices may range from 
about $15 to $30 per 1000 for common brick up to $50 or more 
per 1000 for the better and more costly kinds of face brick. 
The price of brick may be quoted as f.o.b. manufacturers’ or 
dealers’ yard, f.o.b. nearest railway siding, or delivered at the 
job. If the price is not quoted as delivered at the job, the added 
expense of loading, transporting, and piling must be considered. 
See Chap. II on Handling and Transporting of ^Materials 
for ways of estimating handling and transportation costs per 
brick. 
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2. Mortar Materials. — The materials required for mortar per 
1000 brick will depend upon the size of the brick, the thickness 
of the joints, and the proportions of the mix. Most mortar 
mixes include cement, lime, sand, and water. Sometimes 
another ingredient, such as coloring matter, is added. The 
cement improves the strength, and the lime improves the work- 
ability. Enough water is used to give a workable mix. The 
sand should be clean and hard and be fairly fine and uniform in 
grading. Cement is usually purchased by the sack or barrel, 
hydrated lime by the ton in 40- or 50-lb. sacks, and sand by the 
cubic yard or ton. Cement weighs 94 lb. per cubic foot, hydrated 
lime about 40 lb. per cubic foot, and sand 2,200 to 2,600 lb. per 
cubic yard. 

The amount of mortar required for 1000 brick of standard 
size laid in a three-brick wall (12 in.) is appro.ximately as follows: 


Table &-3. — Moktab fob 1000 Staxdabd Bbicb in* .a Theee-brice Wall 


Thickness of jointj 
in. 

K 

Ke 


Ke 

H j 

Ke 

H 


Vi 

Cu. yd. of mortar. . . 
Cu. ft. of mortar. . . 

0.32 

8.65 

1 


0.50 

13.50 

1 0.56 

is.ioj 

0.62 

lO.Tsj 

J 



1 0.80 
21.60 


These quantities are approximately correct, but wiU vary in 
practice because of variations in brick dimensions, thicknesses of 
joints, voids in sand, and completeness of filling of joints. 

A thick wall usually requires a little more mortar per 1,000 
brick than a thin wall. Considering the mortar required for a 
12~in. (three-brick) wail as 100 per cent, the variation is about 
as follows; 



I S 

12 

16 

20 


Percentage '. 

! 





The proportions of the mix are usually given by volume, 
though weight may be used. In stating the proportions, the 
proportion of cement is usually given first, lime next, and then 
sand. 
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Table 6-4 gives the quantities of cement, lime, and sand 
required for a cubic yard of mortar. Proportions are given by 
volume and by weight. '\\Tien computing the tabular values. 


Table 6-4. — M-iteklus Required fob 1 Cu. Yd. of Mobt.ir for Brice 

M.V50XRY 


Mix by volume, 
cement-liine- 
sand 

Ce- 

ment, 

sQcks 

Lime, 

lb. 

Sand, 

cu. vd. 
* 

MLx by weight, 
cement-lime- 
sand 

' 

Ce- 

ment, 

lb. 

Lime, 

lb. 

! 

Sand, 

lb. 

1-0.05-2 

13.00 

26 

0.96 

1-0.05-2 

1,200 

60 


1-0.05-3 

9.00 

IS 


1-0.05-3 

S35 

42 


1-0.05-4 

6.75 

14 


1-0.05-4 

625 

31 

gn 

1-0.10-2 

13.00 

52 

0.96 

1-0.10-2 

1,200 

120 


1-0.10-3 

9.00 

36 


1-0. 10-3 

835 

84 


1-0.10-4 

6. 75 

27 


1-0.10-4 

625 

63 


1-0.25-2 

12.70 

127 


1-0.25-2 

1,150 

290 


1-0.25-3 

9.00 

90 


1-0.25-3 

835 

210 

2,450 

1-0.25-4 

6.75 

67 


1-0.25-4 

625 

155 


1-0.50-2 

12.40 

250 

0.92 

i 1-0.50-2 

1,150 

575 


1-0.50-3 

8.80 

175 

0.98 

1-0.50-3 




1-0.50-4 

6.75 

135 


1 1 — 0.50 — i 

615 

305 


1-0.50-5 

5.40 

110 


i 1 — 0 . 50—5 


250 



8.60 

345 

0.95 

1-1-3 


770 



6.60 

270 

0.98 

1 1-1-4 


600 



5.40 

210 

1.00 

1-1-5 

490 

490 

2,450 

1-1-6 

4.50 

ISO 


1-1-6 

420 

420 


1-1. 5-3 

8.10 

485 

0.90 

1 1-1. 5-4 

575 

865 


1-1. 5-4 

6.35 

380 

0.94 

1 1-1. 5-5 

480 

720 


1—1 . 5—5 


320 

0.98 

j 1-1. 5-6 

420 

630 


1-1. 5-6 

4.50 

270 


1-1. 5-7 

355 

535 


1-1. 5-7 

3.85 

230 


1-1. 5-8 

315 

470 


1-1. 5-8 

3.40 


1.00 

1-1. 5-9 

280 

420 


1-2-4 

6.10 

490 

0.90 

1-2-5 

460 

920 


1-2-5 

5.10 

EEI 

0.94 

1-2-6 

400 

800 

2,400 

1-2-6 

4.40 


0.98 


360 

720 


1-2-7 

3.85 

310 

■HIM 


315 

625 


1-2-8 

3.40 



1 1-2-9 

280 

560 


1-2-9 



IHilil 
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one sack oi cement tvas taken as 1 cu. ft.. 40 lb. of hydrated lime 
as 1 eu. ft., and 2.500 Ib. of sand as 1 cu. yd. Approximatelv 
1 cu. yd. or 2,500 lb. (1.25 tons) of sand will be required for 
1 eu. yd. of monar. 

Diagrams 6-2, 6-3, and 6-4 (pages 5S1, 5S2, and 5S3) may 
be used for finding the costs of the cement, lime, and sand per 
cubic j'ard of mortar tvhen the proportions of the miv and the 
unit costs of the materials are knovvn. 

Diagram 6-5 (page 5S4) may be tised for finding the cost of the 
monar for 1,000 brick when the quantity required and the cost 
per cubic yard are known. The cost of 1 cu. yd. of mortar is 
equal to the sum of the costs of the cement, lime, sand, and water. 
Approximately 1 eu. yd. (2,500 lb.) of sand is required for 
1 eu. yd. of mortar. 

The amount of water used per 1000 brick may vary from about 
30 to 100 gal., depending on the amounts used for mortar, wash- 
ing, and waste. The cost of the water may vary considerably in 
dinerent places. From -S0.02 to -$0.05 per 1000 brick may be 
assumed as the cost of water. 

For cleaning brick wails, a mixture of 1 part muriatic acid to 
about 20 parts water is commonly used. One gallon of muriatic 
acid weighs about 10 ib. and (when mixed with water) will clean 
about 1,000 so. ft. of brick surface. The cost of 1 gal. of muriatic 
acid is usually less than $1 : hence, the cost for cleaning purposes 
will usually be less than -$1 per 1000 sq. ft. of brick surface. 

The costs of the materials will vary considerably at dinerent 
times and in dinerent localities. For example, the price oi 
cement mav varv from about $0.55 to $0.75 per sack for carload 
lots f.o.b. mill^ plus transportation to job, or the price may 
range from $0.65 to $1 per sack delivered at the job. The price 
of hydrated lime may vary from $15 to $30 per ton f.o.b. railwaj" 
siding dIus transportation to the job. Sand may cost ^>1 to ?j2./5 
a ton, or -$1.25 to -$3.50 per cubic yard f.o.b. railway siding, at 
dealers yard, or delivered at the job. 

3. labor. — ^There are two classes of labor used in brick 
masonry, the masons (bricklayers) and the helpers. The masons 
lay the brick and point the joints. The helpers mix the mortar, 
k^D the masons supplied with brick and mortar, and erect, 
move, and dismantle scanolding as required. Cleaning of the 
brick wall mav be done by masons, helpers, or both. In cold 
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weather, the work of heating and protection is usually done by 
the helpers. 

Usually the number of the helpers will be equal to the number 
of bricklayers. The proportion of helpers to masons will depend 
upon the work, and may vary from one helper to two bricklayers 
to three helpers to two bricklayers, according to the difficulty of 
keeping the bricklayers busy. 

When brick and mortar must be transported vertically for 
one or more stories, a hoist should be used in preference to carry- 
ing the brick and mortar in hods up and down ladders. A hand 
hoist is suitable on small jobs. On large jobs, a power hoist will 
prove economical. Sec Art. 4 on Equipment for costs of hoists. 


Table 6-5. — Appuoximatb Rates op Laying Brick 


Description 

Brick per 
hour 

Hours per 
1000 brick 

Common brick 

Joints struck on one side of wall: 
2-brick wall 

70-125 

8.0-14.3 

3-briok wall 

80-150 

6 . 7-12 . 5 

4-brick wall 

90-175 

5.7-11.1 

5-brick wall 

100-200 

5.0-10.0 

G-brick wall 

110-225 

4.5- 9.1 

Common brick 

Joints struck on two sides of wall: 
2-brick wall 

60-110 

9.1-16.7 

3-brick wall 

70-135 

7.4-14.3 

4-brick wall 

80-160 

6.3-12.5 

5-brick wall 

90-180 

5.5-11.1 

6-briek wall 

100-200 

5.0-10.0 

Face brick 

Joints struck on two sides of wall: 
Common bond 

50-100 

10 0-20 0 

Special bonds 

40- 80 

12 5-25 0 

Boiler settings 

40- 80 

12 5-25 0 

Fireplaces 

30- 50 

20.0-33.3 



The wages of a bricklayer may range from $1.25 to $2 per hour, 
depending upon the locality and other considerations. Cor- 
responding wages of helpers may range from $0.65 to $1.50 per 
hour. 
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The number of brick laid per hour by a bricklayer will depend 
upon several things, such as kind of brick (face or common), 
kind of joints, kind or mortar, thickness of wall, number of 
openings, pilasters, comers, paneling, working conditions, union 
and other regulations, and skill and inclination of the workers. 
Table 6-5 gives approximate rates of work for laying brick. 

The labor required for pointing will depend primarily upon the 
type of joint. Ordinary joints such as struck, plain cut, rodded, 
or V joints may be made as the brick are laid, and require no 
extra time. Special joints, where some of the mortar is raked 
out and replaced by special mortar that is struck, rodded, beaded, 
etc., require extra labor which must be allowed for. The cost of 
special pointing is usually based on the square foot of brick 
surface. One mason should be able to point 10 to 40 sq. ft. of 
surface per hour, depending upon the kind of joint. 

The amoimt of work done per hour by the helper will vary 
greatly. The following are approximate rates of work. A good 
helper can in 1 hr. do one of the following items of work: 

ilix 0.40 to 0.60 cu. yd. of mortar. 

Load and wheel (with a barrow) 700 to 1,200 brick a distance of 
40 to 50 ft. and dump them on a scaffold. 

Carry 400 to 600 brick in a hod up to a height of 10 ft. 

CuH 200 to 400 brick. 

Load and wheel (with a barrow) 0.7 to 1.2 cu. yd. of mortar a 
distance of 40 to 50 ft. 

Handle from truck and pile 300 to 600 brick. 

Two good helpers can, in 1 hour, do one of the following: 

Handle 12 to 20 iin. ft. of pole staging. 

Take down and move horse scaffolds for about 10 to 12 brick- 
layers working on thick walls, say 2 ft. or more thick. 

Take down and move horse scaffolds for about 5 to S brick- 
layers working on S- or 12-in- walls. 

There are several ways of estimating the amount of work to be 
done. One method is to use the entire wall surface, with no 
allowance for opening, and the thicknesses of the wall (two or 
three brick, etc.). The reason for this is that the extra labor 
required for laying brick arotmd the openings is about balanced 
bv the labor saved by the opening. Another method is not to 
allow for any onenings less than about 4 or 6 sq. ft. and to allow 
half for the larger openings. A third, and perhaps better, way 
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V6 to huHfi the labor on the actual number of fjrick laid, giving 
consideration to the extra v/ork required as around openings, in 
panels, for p'ilu^’ters, for panels, and for corners. 

When preparing labor estimates of brickwork, the number of 
bricklayers and helpers in the gang should be determined, the 
total hourly wages found, and the average cosl; per bricklayer 
(including propoxiionate cost of helpf^r) cornxxuted. The rate of 
v/ork should then be carefully assumed, and the labor cost per 
1000 bi'ick figured. The total labor cost v/ill equal the cost per 
1000 brick multiplied by the number of brick in thousands. 
The cost should also include the expien.se of ijointing and cleaning 
when this v/ork is to be done. 

Diagram 6-6 tpage 58.6) may be used for determining the labor 
Cfxst xjcr 1000 brick when the hourly wage of the bricklayer and 
helper is known and the brick laid jjer hour per bricklayer may be 
reasonably assumed. 

4. Equipment. — ^^i’he equipment required on a bricklaying job 
may include the following: 


Bricklayer's hand tools 

Mortar boxes 

Mortar mixer 

Sand screerx 

Shovels 

Hoes 

Hose 

Water baxTcl 


Wlieelbarrov/s 
Mortar tubs or boards 
Brick and mortar hods 
Scaffolding 
Hand hoist 
Pov/er hoist 

Elevator tower and requisite 
hoisting equipment 


The cost of this equipment may include such items as first cost, 
interest, depreciation, rerxtals, repairs, transportation to and 
from job, erection and dismantling, operation (fuel, oil, grease, 
etc,), and wages of operators. 

For the various hand tools used, an allowance of $0,25 to -SI per 
1000 brick is usually axJequate. 

A small mortar mixer v/ith a gasoline engine will cost -S0,20 to 
■SO.oO per hour of operation plus v/ages of operation plus trans- 
portation and repairs. 

The cost of a hand hoist v/ill be a few cents per hour plus 
transportation to and from the job. 

The cost of a power hoist v/ill depend upon size and capacity of 
the hoist and amount and kind of other equiprrxent such as eleva- 
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tor tower. Operatiiig costs with one operator may range from 
S2 to -$6 per hour plus transportation, plus erection and dis- 
mantling, plus repairs. A power hoist may be capable of ele- 
vating 2,000 to 10,000 brick a vertical distance up to 30 ft. in 
1 hr. 

The cost of scaffolding will vary considerably with the amount 
required and the type used. Ordinary' horse scaffolds will cost 
but a few cents per 1000 brick (assuming moving to be done bj- 
helpers) plus transportation. Special scaffold machines (such 
as may be used on a steel building three or more stories high) 
may be rented for $4 to Slo per week per machine, including 
transportation, erection, and dismantling. Pole or post scaffolds, 
such as are ordinarily used on the outside of a building, will cost 
S0.50 to $1 per 1000 brick, on the assumption that the erection 
and dismantling will be done by the helpers and that most of the 
lumber can be salvaged. If carpenters have to be employed for 
the erection and dismantling of these scaffolds, the cost will be 
considerably higher, and may vary from $0.75 to S3 or $4 per 
1000 brick- 

The total cost of equipment will be the sum of the costs of all 
the types and kinds of equipment used on the job. 

5. Brick Masonry Estimates. — ^The cost estimate for brick 
masomy may be summarized as follows for each kind of brick 
and type of work. 

Cost per 

Item JCOO Brick Total Cost 

Materials (brick and mortar) $ -S 

Labor 

Eampment 

Overhead 

Profit 

Total 9 5 

The costs of materials, labor, and equipment or plant may be 
found as directed in the preceding articles. 

Overhead mav be based on the sum of the costs of materials, 
labor, and equipment or on the cost of labor alone. The per- 
centage allowed for overhead may range from about 10 to 25 per 
cent when based on the sum of the costs of materials, labor, and 
equipment, and from about 20 to 50 per cent when based on 
labor costs alone. 



180 


CONSTRUCTION ESTIMATES AND COSTS 


use an output of 90 brick per hour or 11 hr. per 1000 brick for this estimate. 
Hours required for the job = 11 X 61.74, or 679, hr. for one bricklayer, 
or 679 H- 3 or about 227 hr. for the gang for laying the brick. 

No extra time will be required for pointing as the joints may be struck when 
the brick are laid. 

No e.xtra time need be allowed for wire brushing the walls if the helpers 
will go over the walls near the close of each day’s work. 

Labor cost = S7.65 X 227 = $1,736.55 

Equipment; 

Cost of mortar boxes, hoes, barrows, hods, etc., will be -$0.40 
to SO-SO per 1000 brick for a job of this kind, or SO. 60 X 
61.74 = S 37.05 

Cost of mortar mLxer = S0.25 X 227 -f S4 = 60.75 

Cost of horse scaffolds, including transportation, may be 
about .$0.50 per 1000 brick, or S0.50 X 61.74 = 30.90 

Total cost of equipment = S 128.70 


Overhead: 

No overhead cost is given in the problem. Perhaps a fair percentage 
would be about 15 based on other costs or 35 based on labor costs alone. 
Using 35 of labor costs, the overhead cost = SI, 736.55 X 0.35 = S607.S0 
Profit: 

Profit will be assumed as 10 per cent of all other costs. 

(1435.45 + 1,736.55 + 128.70 + 607.80) X 0.10 = S390.85. 

Summary: 

The cost per 1000 brick is based on 61.74 thousand. 


Cost per Total 

Item 1000 Brick Cost 

Materials S23.25 SI, 435 

Labor 28.15 1,737 

Equipment 2.10 129 

Overhead 9.85 608 

Profit 6.35 391 

Total S69.70 S4,300 


B. STONE MASONRY 

7. Stone -masonry Classification. — Stone masonry consists of 
walls or other structures built of stone usually bound together 
by mortar. A classification of stone masonry is as follows: 

1. Dry masonry in which no mortar is used. Slope walls, 
stone paving, and riprap are examples. 

2. Wet or mortar masonry in which mortar is used. 

a. Rubble masonry which is composed of rough unsquared 
stone as it comes from the field or quarry. 
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6. Squared-stone masonry in which the stones are roughly 
squared and dressed on beds and joints. The thickness of 
the mortar required in the joints is more than in. The 
stones may be laid in courses (range), broken courses 
(broken range), or no courses (random). 

c. Cut stone or ashlar masonry in which the stone is cut and the 
thickness of the mortar in the joints is less than 3^2 The 
ashlar masonry may or may not be laid in courses. 

Stone veneer consists of a thin layer of cur stone on the face of 
the wall, and tied or bonded to the backing masonry of brick or 
stone. 

Stone trim consists of cut stone used for such purposes such as 
water tables, lintels, copings, and ornamental courses in buildings. 

Table 6-6 gives some of the different kinds of stone used for 
masonry and the approximate weights per cubic foot. 


Tjlblh 6-6 


Stone 

Granite 

Sandstone 

Marble 

lin-esione 

Slate 

Trap 


Weight, Lb. per 
^u. Ft. 

. . 165-170 
.. 145-150 
.. 165-170 
.. 140-160 
.. 170-175 
.. 1S0-1S5 


8. Estimating Stone. — ^The units of measturement may be the 
cubic yard or cubic foot for rubble and squared-stone masonry, 
the cubic foot for cut-stone work, and the cubic foot or the lineal 
foot for stone trim. Stone veneer may be estimated by the 
cubic foot or by the square foot of surface with the thickness 
being ^ven. 

When measuring walls, the length is usually measured along 
the outside and then multiplied by the height and thickness. 
Allowance should be made for ail openings when figuring quanti- 
ties of materials, though no deductions are usually made lor 
comers. 

The volume of the stone required will be less than the volume 
of the wall because of the space occupied by the mortar. Alortar 
may form 15 to 40 per cent of the volume in mbble masonry, 
10 to 25 per cent in squared-stone masonry, and 4 to 10 per cent 
in ashlar masonry. The waste of stone may vary from prac- 
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tically notmng, when cut stone is purchased already dressed, up 
to as much as 20 per cent when the cutting and dressing are done 
at the job. 

The cost of the stone delivered at the job may include cost of 
stone at quarry (rough or dressed), freight from quarry, and 
transportation from railway siding to job. 

The cost of the stone at the quarry may vary about as follows: 


Kind of Stone Cost per CnMe Koot 

Eongli stone S0.2-S--S0.40 

Special stone (sucli as special limestones) O.GO- 2.00 

Special stone, squared in Pvvo sides 0.90- 2. SO 

Special stone, squared on four sides 1.20— 3. -SO 

Special stone, cut, finished, and crated 3.00- 0.00 

Special stone, carved and crated 5.00- 7.00 


These prices are approximate only. Consequently, the esti- 
mator should, whenever po.ssible, secure prices from the quarry 
or the dealer for the stone f.o.b. quarry, f.o.b. siding nearest the 
job, or delivered at the job. 

Anchors and dov/eLs are required on many jobs. E-oughly one 
anchor or dowel, costing -$0.05 to $0.15, will be required for each 
cubic foot of masonry. 

9- Mortar Materials. — The materials required for mortar for 
stone masonry are cement, lime, and sand plus such specdal 
ingredients as are required. The proportions for the mortar 
may vary from 1-2 to 1-4: for Portland cement and sand plus 
small amounts of lime; to 1-1-3, 1-1-4, 1—1—5, 1—1—6, etc., for 
cement, lime, and .sand; and to 1-2-4, 1-2-5, 1—2—6, 1-2-8, 1-2-9 
w'hen a larger proportion of lime is desired. Proportions are 
nsually by volume, though proportions by weight are coming into 
use. 

The amount of mortar required 'ivill depend upon the .size of 
the inditidual stonns and the thickness of the joints. Onlj’’ 
approximate amounts may be ^ven. 

The cubic yards of mortar required for 1 cu. yd. of stone 
masonry may range about as follows: 

{P7 

Kind of hlu&onrr Cubic Yards of Mortar 

Rubble masonry' 0.15-0.40 ("average 0.2.5J 

Squared-stone masonrj' 0.10-0.25 ("average 0. 15) 

Cut-stone or ashlar masonry O.Ot-O.lO ("average 0.07) 
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Table &-S gives the quantities of materials required per cubic 
yard of mortar oi varying proportions. ^Tien computing these 
values, one sack of cement vras taken as 1 cu. ft., 40 lb. hydrated 
lime as 1 cu. ft., and 2,500 Ib. of sand as 1 cu. j'd. 


T->3lz: &-S. — ilaixaiAia Rzqcihzd foh 1 Cu. Yd. o? MosTAa foh Sro^rB 

Mjson-ht 


Mix by volsizne 
ceiBeaL-Iinie— 
sand 

' Ce- 
^ men:, 

! sacks 

' LimC', 

^ ib- 

Sjtnd, 
CU. yd. 

ilix by -STeigbt 
cemeac-lime- 
sand 

F 

' Ce- 
ment, 

. !b. 

! Lime. 

1 Ib.' 

Sand, 
lb. ' 

1-0 10-2 

13. CO 

.52 

0 .G 6 

1-0.05-2 

,1 .200 

60 

2,400 

1-0.10-3 

^ 9 GO 

36 

l.CO 

1-0.05-3 

i S35 

j 42 

2,500 

1-0.10-4 

6.75 

27 

l.CO 

1-0.05-4 

\ 625 

1 31 

2,500 

1-0.25-2 

12.70 

127 

0.94 

1-0.10-2 

ll,200 

■ 120 

2,400 

1-0.25-3 

’ 9. CO 

£0 

■ l.CO 

1-0.10-3 

1 S35 

i S4 

2.500 

1-0.25-4 

6.75 

67 

l.CO 

1“0, iO~r 

; 625 

f 

i 63 

2.500 

I-O. 0 O -2 

12.40 

2-50 

0.92 

1-0.25-2 

fl,150 

f 290 

2,300 

1-0.50-3 

, s.so 

' 175 

0.95 

1-0.25-3 

1 S35 

[ 210 

2,450 

1-0.50-4 

6.75 

‘ 135 

. l.CO 

1-0.25-4 

i 625 

1 155 

2,500 

1-0.50-5 

5.40 

' no 

■ l.CO 


1 




1 



1-0.50-3 

SCO 

f 4C0 

2,400 

1-1-3 

f s.eo 

345 

0.95 

1-0. 50-4 

I 615 

[ 305 

2,450 

1-1-4 

1 6.70 

> 270 

0.Q3 

1-0.50-5 

! 500 

[ 250 

2,500 

1-1-5 

• 5.40 

210 

, l.CO 

1— 0.50-6 

1 420 

[ 

2,500 

1-1-6 

S 4.50 

ISO 

l.CO 

1 

i 

r 



i 



1-1-4 

; 600 ! 

600 

2,400 

1-1. 5-3 

. S.iO 

4S5 

O.SO 

! 1-1-5 

; 490 1 

■ 490 

2,450 

1-1. 5-4 

; 6.35 

3S0 

. 0.94 

1 1-1-6 

i ^0| 

s 420 

: 2,500 

1— 1.5-5 

5 5.30 

320 

0.95 

1-1-7 

355 ! 

[ 355 

2,500 

1-1. 5-6 

4.50 

270 

l.CO 

1-1-S 

; 315 [ 315 

; 2,500 

1-1. 5-7 

3. So 

230 

l.CO 


; i 



1-1. 5-S 

, 3.40 

1 205 

[ l.CO 

i 1—1 . 5-5 

• 4S0 1 

; 720 

2,400 




1 

1-1. 5-6 

■ 420 1 

: 630 

2,500 

f 0 • 

1 6.10 

[ 4S0 

O.SO 

I-1.5-7 

355 ! 

, 535 

2,500 

1-2-5 

1 5.10 

' 410 

0.94 

1—1. 5-S 

315 1 

470 

2,500 

1 -2-6 

1 4.40 

350 

. 0.93 

i-i.5-9 

2S0 ' 

420 

2,500 

1-2-7 

[ 3. So 

310 

l.CO 


1 



1-2-S 

[ 3.40 

270 

i 1.00 


: ! 



1-2-9 

'( 3. CO 

* 240 

. l.CO 






The cost of mortar materials delivered at the job ^ ranp 
about as loliotrs: cement 80.65 to $1 a sack, hydrated lime 5 IS to 
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S35 per ton, and sand SI to $2,75 per ton or $1.25 to S3.50 per 
cubic yard. 

The water required may vary from about 100 to 200 gal. per 
cubic yard of mortar, depending on the amounts wasted and used 
for washing, etc. An allowance of $0.06 to $0.15 per cubic yard 
of mortar is usually satisfactor 3 ^ 

Diagrams 6-2, 6-3, 6-4, and 6-7 (page 5S6) may be used for 
estimating costs of materials for mortar for stone masonry. 

10. Labor. — ^The labor required for stone masonry ma}’’ varj* 
considerably according to the kind of masonry, amount of cutring 
and dressing required, working conditions, and skill and inclina- 
tion of the men. Appro>dmate labor outputs are given in 
Table 6-9. 

If the individual stones are not too hea\y or if the distance to 
be carried is not too great, all the work may be done b}' hand 
labor. Hand or power hoists or derricks should be promded for 
handling the heavier stones and for raising the stones vertically 
if the lift is about 10 ft. or more. 

The problem in stonework is to keep the mason supplied with 
stone and mortar so that he will be busy aU the working hours. 
All manual labor should be performed by the less skilled men 
whenever practical. A mortar mixer may be used on larger jobs. 

In many locahties, the masonwork is let by the job at so much 
per cubic yard or per cubic foot. When computing the number 
of cubic feet of masonry as a basis for labor, most localities do not 
allow any deductions for openings, and the minirmim thickness of 
wall may be taken as 18 in. even if the actual thickness is less. 
In other localities, part or all openings above a certain size are 
deducted. The estimator must be informed in regard to local 
customs before preparing labor estimates. 

On many jobs, a certain amotmt of cutting, trimming, fitting, 
and hammering may be required even though the cut stones are 
supposed to be cut to the correct dimensions before being shipped 
to the job. The amount of labor to allow for such extra work is 
difficult to estimate in advance. Some estimators allow for this 
extra work when estimating the hourly output of the crew. 
Other estunators figure this extra work as an extra item of cost. 
One cutter or fitter may be needed full time on a medium-sized 
job, and more on large jobs, to care for this extra work. The 
cost.Qf^_^ch work must not be neglected. 
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Table 6-9. — ^Laboh Reqcthed foe Stoxe ^Masonet 


Kir-d cf -K-ork 

1 

l 

Cret*. 

approiiinate 

Output of cre^ 

Per hour 

Per unit of "work 

Preparing stone: 

Smoothing bees end builcs 

j 1 cutter 

i 

2 —10 cu. ft. 
1.5- -i sq. ft. 
O.S- 2 sq. ft. 
0..3-0.7 sq. ft. 

2.5 —13 hr. per cu. yd. 
0.25— 0.7 hr. per sq. ft- 
0.5 — 1-2 hr. per sq. ft. 

1.5 — 3 hr. per sq. ft. 

Laying stone by band: 

Hubble. 

Hongb squared 

Cut stone or 

Cqr-StOse veneer (abqat 
•= cr 6 thick) 

1 mason, 1 to 3 
belpers os 
needed 

4-11 CU. ft. 

4- 11 cu- ft. 

3- 8 cu. ft. 

3- 7 cu. ft- 

5- 10 sq. ft. 

2.5- 7 hr. per cu. yd. 

2.5- 7 hr. per cu. yd. 

3.5- 9 hr. per cu. yd. 

4 —9 hr. per cu, yd, 

1 -2 hr, per sq. yd. 

Laying stone ■sith aid o: 
hand hoist or derrick: 

it! kin fit o£ mnsonry * 

CntnStone trim ' 

Cut-stone veneer ! 

1 mason, 1 to 3 
nelpers os- 
needed 


2 —4.5 hr. per cu- yd. 

3 -7 hr. per cu. yd. 

! 0.6— 1.3 hr. per sq. yd- 

Laying stone rrith aid oi i 

hand hoist or derrick: ' 1 mason, 3 to 6 

llasonry j helpers as 

Cut-stone trim r seeded 

Cut-Stone Tenner ^ 

. 

7-lS cu. ft. 
5—12 cu. ft. 
9-IS sq. ft. [ 

1.3- 4 hr, per cu. yd. 

2. 3- 5. 5 hr. per cu. yd. 
0.5—1 hr. per sq. yd. 

Laying stone with aid of | I moson, 

po«-cr boist or derrici: j 1 operatotr 3 

if-^-enr^ f zoShelpe^zs 

Cut-stone trim ' needed 

Cut-Stone veneer ^ 

13—27 cu. ft. 
9-21 cu. ft. 
15-30 sq. ft. 

1 —2 hr. per cu. yd. 

1 .3-3 hr. per cu. yd- 
0.3-0. 6 hr- per sq. yd- 

Laying stone witb aid of 
pOTer bcist or derrick: 

Heavy foundation 

Medium masonry i 

Cut-stene trim | 

Cut-nene veneer f 

1 operator, 2 1 
or 3 masons, [ 
S to 12 helpers' 
as neeced • 

1 

1 

27-54 cu. ft. 
lS-40 cu. ft. 
12-30 cu. ft- 
25-o0 sq. ft- 

0.5 —1 hr. per cu. yd. 

0.7 —1.5 hr. per cu. yd. 
0.9 -2.2 hr. per cu. yd. 

0. 15-0.35 hr. per sq. yd. 

S'^pls. 

Special 1 

1 mason, zoT j 

I helper osj 20-50 sq. ft. j 0,2 -0.5 hr. per sq. yd. 
needed | 10—30 s<j, ft. j 0.3 —0.9 cr. per sq. yd. 


Cleanisg j 1 i=in. | 20-70iq.it. | 0.15-0.5 hr. per sq. yd. 
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Labor wages of stonemasons (iayers and cutters) maj* vary 
from about -$1.2o to -$2 per hour, power-hoist operatorfrom -$1.25 
to -$2 per hour, helpers from -SO.oo to $1.50 per hoim. and ordinary 
labor from $0.60 to $1.25 per hour. 

Diagrams 6-S, 6-9, and 6-10 (pages 557.. 5SS; and 5S9) may be 
used for estimating labor costs of lajung stonemasonry when the 
hourly wage of the mason and helpers or the crew is known and 
the output may be reasonably assumed. 

11. Eouipment. — The equipment required for stonemasonry 
work may include the following: 

Mason's hand tools., trowels., hammers, sledges, bars. etc. 

Mortar bos Water barrel 

Screens Hand hoist or derrick 

Mortar mixer Power hoist or derrick 

Mortar hods Mortar tubs or boards 

^Mixing tools Barrows 

Hose Scanolding 

For the various hand tools, an allowance of $0.05 to $0.40 per 
hotir per mason will be stimcient depending upon the size of the 
crew and number of tools. Transportation costs to and from 
the job are estra. 

Small power tools (such as hammers) may cost a few cents up 
to about $0.30 per hour. 

A small mortar miser, engine or motor driven, may cost $0.20 
to $0.50 per hour of operation plus operator plus transportation. 

The cost of a hand hoist or derrick may vary from about $0.05 
to $0.20 per hour depending upon size, plus transportation, erec- 
tion, and dismantling expenses. 

The cost of a power hoist or derrick with an operator may vary 
from about $2 to $6 per hour, plus transportation, erection, 
and dismantling expenses. 

The cost of scanolding will vary with the amount required and 
the type used. Ordinary horse seanolds (moved by helpers) will 
cost but a few cents per hour per mason, plus transportation. 
The cost of pole or post seanolds, erected and dismantled by 
helpers, will be the cost of the lumber less salvage value and plus 
transportation. The cost of post seanolds will be considerably 
greater h carpenters are required for erection and dismantling. 
Ctst of post seanolds may vary from about $0.75 to $3 or $4 per 
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cubic yard of masonry. Special machine scaffolds may be 
rented for $4; to $15 per week per machine including transporta- 
tion, erection, and dismantling. 

The total cost of equipment is equal to the sum of the costs of 
all kinds and types of equipment used on the job. 

12. Stonemasomy Estimates. — ^The cost estimate for stone- 
masonry may be summarized as follows for each kind of stone 
and type of work. Unit costs maj' be per cubic yard, per cubic 
foot, per square foot or square yard, or per lineal foot as desired. 

Item Unit Cost Total Cost 

Materials (stone and mortar) S S 

Labor 

Equipment 

Overhead 

Profit 

Total S S 

The costs of materials, labor, and equipment may be found as 
directed in the preceding articles. Overhead may be based on 
the sum of material, labor, and equipment costs or based on 
labor costs alone. The percentage allowed for overhead may 
range from about 10 to 25 per cent when based on the sum of the 
materials, labor, and equipment costs, and from about 25 to 
50 per cent when based on labor costs alone. The percentage 
allowed for profit may vary from S to 15 per cent of the sum of 
aU other costs (materials, labor, equipment, and overhead). 

13. Illustrative Estiinate. — ^The foundation for a church building SO ft. 
long and 40 it. wide is to be of stonemasonry walls 2 ft. thick and 10 ft. high. 
The lower 6 ft. of the wall (from bottom to grade) is to be of ordinaiy flat- 
stone work, and the upper 4 ft. (from grade to top) is to be of coursed granite 
ashlar. The outside walls above grade are to be pointed smooth, and the 
inside walls are to be pointed smooth. Prepare a cost estimate for this job, 
asuming the following: 


Ordinary flat stone, per cubic yard 

Coursed limestone ashlar, per cubic foot 

Mortar mrc is 1 to 1 to 3 by volume 

Mortar materials, cement per sack 

Hj-drated lime per ton 

=8 8.50 

= l.So 

= 0.70 

= 18.00 

= 2.10 


= 1.80 

Helper’s wage, per hour 

= 0.90 
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Prices given for stone and mortar materials are for these materials delivered 
at the job. 

Materials : 

Coursed ashlar will be assumed 1 ft. thick and backed by 1 ft. of rough 
masonry. 

Coursed ashlar (80 + 80 + 40 + 40) X 4 X 1 = 960 cu. ft., or 35.5 cu. yd. 

Assume small waste to equal space of joints. 

Then 960 cu. ft. at .81.85 = .§1,776 

Plat stone (80 +80 +40 +40) X 6 X 2 

+ (80 + 80 +40 +40) X 4 X 1 = 288 + 960 = 3,840 cu. 
ft., or 143 cu. yd. 

Of this quantity, about 75 or 80 per cent will be stone and 20 to 
25 per cent mortar. Allowing 75 per cent stone and 5 per 
cent waste yardage of flat stone = 143 X 80% = 115 

Then 115 cu. yd. at .§8.50 = § 973 

Total cost of stone = 32 , 754 

Mortar required for rough masonry will be about 25 per cent of 143 cu. yd., 
or 35.8 cu. yd. Mortar for ashlar will be about 5 cu. ft. per cubic yard of 
masonry, or about 18.5 per cent. 


960 cu, ft. X 18.5% = 177.5 cu. ft., or 6.6 cu. yd. 

Total amount of mortar = 42.4 cu. yd., say 42.5 cu. yd. 

For a 1-1-3 mix by volume, this will require (Table 6-8) : 


0.95 X 42.5 = 40.4 cu. yd. sand at $2.10 = $ 85 

345 X 42.5 -J- 2,000 = 7.33 tons lime at .$18 = 132 

8.60 X 42.5 = 365 sacks cement at $0.70 = 256 

Water, say = 2 

Cost of mortar materials = § 475 

Cost of stone and mortar = $3,229 


Labor: 

As the walls arc not high and stones may be readily handled by hand, 
all handwork will be assumed. A crew of 3 masons (one acting as straw 
boss) and 5 helpers will be assumed. 

From Table 6-9, this crew should be able to lay about 3 X 9, or 27, cu. ft. 
of flat-stone masonry per hour (say 1 cu. yd. per hour, or 1 hr. per cubic 
yard). For ashlar, the crew rate is about 3X6, or 18, cu, ft, per hour 
(0.67 cu. yd. per hour, or 1.5 hr. per cubic yard). 

Hourly wage of crew = $1.80 X 3 + $0.90 X 5 = $9.90 

Hours for laying stone = 143 X 1 + 35.5 X 1.5 = 143 + 53 = 196 hr. 

Allow about 12 hr. for this crew for cleaning the walls 

(about 240 X 10 + 240 X 4, or 3,400 sq. ft.) 
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and for miscellaneotis -work. Xo extra time needs to be allowed for pointing 
as ine joints are struck as the stone is laid. 

Total crew rime = 20S hr. (624 hr. for masons and 1,040 hr. for helpers) 
Total labor cost = §9.90 X 20S = §2,059 

This may be divided among Sat and ashlar masonry according to the hours 
required for laying, giving about §555 for the ashlar and §1,503 for the Sat 
stone, with unit costs of §15.70 per cubic yard for the ashlar and §10.50 per 
cubic yard for the Sat stone, based on wall yardage. 

Equipment: 

The equipment costs will be comparatively sm all- The equipment, 
except seatSoIding, will be estimated at §0.10 per hour per mason, plus about 
§10 for transportation, or -§0.10 X 3 X 196 -r §10 = §6S 

Some horse seafiblding may be needed on the inside of the wall. This 
mat" be estimated roughly at about §20 for the job, including transportation. 


Total equipment costs = §6S -r §20 = § SS 

Overhead. Say 35 per cent of labor costs = §2.059 X 35'^ = §721 

ProEt. Say 10 per cent of sum of §3,229. -§2,059, §SS, and -§721, 
or 10 per cent of §6,097 = §610 


Summary: 


Item 

ilaterials 

Labor 

Equipment 

Overhead 

Front 

Total 


Cost per 
Cu. Yd. 

Total Cost 

-SIS.IO 

.§3,229 

11.50 

2,059 

0.50 

SS 

4.05 

721 

3.40 

610 

.§37.55 

§6,707 


If desired, costs per cubic foot may be computed, or costs per cubic foot 
or per cubic vard for the ashlar and for the rough stone masonry may be 
determined. 


C. COrrCRETE BLOCK, BRICK, AND TILE MASONRY 

14. Concrete Block, Brick, and Tile. — Concrete block may 
vaiy- from 4 to 12 in. in height, from 6 to 12 in. in thickness, and 
from 12 to 32 in. in length. The most common size is in. 
high, S in. thick, and 15^:4 in. long (sometimes called S by S by 16). 
In addition to the regular or "stretcher” block, there are half 
blocks, jamb blocks (full and half size), and corner blocks. 
Concrete block are U 5 uall 3 ' hollow with one or more vertical 
openings. The common size weigh about 50 to 60 ib. each. 
Tolerance in dimensions is usualH' length, in. in 

height, and ^ in. in width. Concrete block are divided into 
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three classes according to their strength, viz., heavy-load bearing, 
medium-load bearing, and nonload bearing. 

Concrete tile are usually hollow and vary in height from 3 to 
12 in., and in width from 3^ to 12 in. Their length is usually 
12 in. They are classed according to their strength as heavy, 
medium, and nonload bearing. The nonload-bearing tile may 
be used for nonload-bearing partitions. 

Concrete brick are usually made of standard size (2J^ by 3^ 
by 8 in.), are rarely hoUow, and may be used in place of the clay 
brick. 

Concrete-trim stone, lintels, and specially molded ornamental 
work are also made. If desired, the concrete units (block, tile, 
brick, trim, etc.) may have special facings. 

The laying of concrete block and tile will be considered in this 
section. Concrete or cement brick are laid in the same manner 
as standard clay brick. Concrete-trim stone and ornamental 
work are laid in the same manner as ornamental and trim stone 
and architectural terra cotta. 

The mortar used in concrete masonry work of these types is 
usually a 1 to 3 portland cement and sand mortar, with about 
5 to 10 lb. of hydrated lime per sack of cement added to improve 
the workability. 

The joint thickness is usually or 34 

The price of concrete block and tile wiU vary considerably 
because of the costs of materials, the mix used, the quantity of 
concrete per unit, the labor wage, and the transportation costs 
from manufacturer’s yard to the job. The price of concrete block 
may range from about $0.13 to $0.30 each for 8- by 8- by 16-m. 
block and from $0.08 to $0.20 each for 6- by 8- by 12-in. tile. 

In the material take-off, the number of each kind (load or 
nonload bearing), type (regular, comer, jamb), and size shoxild 
be listed. 

15. Mortar Materials. — mortar mix of 1 part portland 
cement to 3 parts sand with b to 10 lb. of hydrated lime is often 
used, though a 1 to 2, 1 to 2)4, 1 to 3, 1 to 3)4, or 1 to 4 mix may 
be selected. The proportions may be by volume or by weight, 
with weight preferred. 

The amount of mortar required for 100 concrete block or tile 
will depend on the size of the unit, the net cross-sectional area of 
the unit, and the thickness of the joints. From 0.15 to 0.33 
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cu. yd. of mortar may be needed with an average of about 0.20 
to 0.25 cu. yd. 

The cost of the mortar materials may range from $0.65 to §1 
per sack of cement, from -SIS to $35 per ton for hydrated lime, 
and from $1 to -$2.75 per ton or from $1.25 to -$3.o0 per cubic yard 
for sand. 

Table 6-10 gives the quantities of cement, Kme, and sand 
required for 1 cu. yd. of mortar. 


TiBLH 6-10. MoHTAS RZQCIHZD ro3 1 Ctj. Yd. o? Moetas 

TVTTH 10 Lb. or HTDH.i.TrD Lmx peh Sacs of Ceatekt 


Mix, 

cement 

and sand 

; Proport 

ions by volume 

; Propo 

rrions by weight 

t 1 

\ Cement, 1 
( sacks t 

Lime, 

Ib. 

'■ Sand, 
cu. yd. 

Cement. • 

, Ib. ■ I 
1 

Lime, 

Ib. 

[ Sand, 

! ib. 

f 

1-2 

t 

‘ 13.00 ' 

130 

0.96 

! 1,200 1 

130 

2,400 

1-2.5 

1 10.50 ' 

105 

0.93 

i 9S0 1 

105 ! 

2,450 

1-3 

I 9.00 ' 

90 

1.00 

^ S35 1 

90 

* 2,500 

1-3-0 

1 7.75 i 

SO 

1.00 

; 715 1 

SO ! 

: 2,500 

1-4 

1 6.75 ; 

70 

1.00 

625 1 

f 1 

70 j 

2,500 

Sand is 

estimated at 

2,500 lb. per cubic 

yard. 




Approximatelj* 1 cu. yd., or 1.25 tons (2,500 lb.), of sand is 
required for 1 cu. yd. of mortar. 

Diagrams 6-2, 6-3, and 6-4 may be used for estimating the cost 
of mortar materials. Diagram 6-11 (page 590) may be used for 
estimating the cost of mortar per 100 block or tile. 

The amount of water required per cubic yard of mortar may 
vary from about 100 to 200 gal. An allowance of a few cents 
(-S0.02 to $0.05) per 100 block or file, or $0.06 to $0.15 per cubic 
yard of mortar, is usually sufficient. 

16. Labor. — -The mason labor required for laying 100 concrete 
block or tile will vary with the size of the unit, and the number of 
openings, jogs, comers, etc., in the wall. The mason labor 
required for pointing the joints will depend primarily on the 
kind of joints. 

The helper labor required per 100 concrete block and tile will 
depend upon the number laid per hour by the mason and the 
distance the block and tile have to be moved horizont^y and 
vertically. If the number of units required per hour is quite 
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or tile, with the size of the regular or “stretcher” block being 
given. 

The costs of materials, labor, and equipment may be found as 
directed in the preceding articles. Overhead may range from 
20 to 50 per cent based on labor costs alone, or from 10 to 25 per 
cent based on the sum of materials, labor, and equipment costs. 
Profit may vary from 8 to 15 per cent of the sum of all other costs. 

19. Illustrative Estimate. — The walls of a building 60 ft. wide, 150 ft. 
long, and 12 ft. high are to be constructed of standard-size concrete block 
7% in. high, 15% in. long, and 8 in. thick. The walls are 8 in. thick. The 
building is to have 36 steel-sash windows 6 ft. by 8 ft. 6 in., 2 doors 10 by 
10 ft., and 3 doors 3 ft. by 7 ft. 4 in. Joints are to be % in. thick and are 
to be struck flush on both outside and inside. Walls are to be brushed. 
Horse scaffolds are to be used. Block and mortar are to be placed on 
scaffolds by hand labor. Mortar will be mixed by hand. Mortar mix is 
1 part Portland cement to 3 parts sand by weight. Hydrated lime to the 
amount of 10 per cent of the weight of the cement is to be added. 

Cost of materials delivered at the job: 


Regular or stretcher block, each S 0.16 

Corner block 0.18 

Jamb block, same as regular block 0.16 

Half regular and half jamb block 0.10 

Lintels, per foot of length 0.12 

Sand, per ton 2.00 

Cement, per 100 lb. (§0.705 per sack) 0.75 

Hydrated lime in sacks, per ton 21.00 

Labor wages : 

Masons, per hour §1.65 

Helpers, per hour SO. 90 


Materials: 


Wall area = (150 4- 150 4- 60 -f- 60)12 = 5,040 sq. ft. 
Openings (6 X 8.5)36 = 1,836 

(10 X 10)2 = 200 

(3 X 7%)3 = 66 


Total = 2,102, say = 2,100 sq. ft. 

Net wall area (outside) = 2,940 sq. ft. 

Comer block = 4 X 12 X 12 s- 8 = 72 at SO. 18 

Jamb block, doors = 2X2X10X12-^8 = 60 
Doors =3X2X7%Xl2-^8 = 66 

Windows =36X2X6X12-^8 = 648 

Total jamb block = 774 

FuU-length jamb block = 387 at $0.16 

Half-length jamb block = 387 at SO.IO 

Half-length regular block, estimated = 387 at SO.IO 


S 12.96 


S 61.92 
38.70 
38.70 
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"Regular block = 


2,940 X 144 
S X 16 



3S7 
■ 0“ 


3S7 

o 


= 3.30S - S46 - 275 = 2,0S7 at S0.16 

Lintels = 2 X 11.33 4- 3 X 4.33 -r 36 X 9.17 

= 365.67 ft., say 366 ft. at §0.12 

Total cost of block (about 3.420 of all sizes) 

For monar, allow about 5S0 lb. sand per 100 block. 

,, , , . , 550 X 3,700 

Mortar sand required = 2(^ ~ x 100 "" 


366 X 12\ 
16 ; 
= 349.92 


= 43.92 


= §546.12 


Sand 

Cement 


Lime 

Water, say 


= 10.75 tons at -§2.00 = §21.50 

= H X 10.75 X 2,000 
= 7,170 Ib. (763 sacks) at 

-S0.75 per KtO lb. = 53.75 
= 7,170 X 10 Si = 717 lb. at 

§21 per ton = 7.55 

= 2.00 


Total cost of monar materials = S 84.80 

Total cost of materials (block, lintels, and mortar) = §630.92 

Labor: 


Masons’ time for laj-ing, pointing, and cleaning wall is 
assumed at 4.25 hr. per 100 block, as tne joints are simple 
struck joints and^ cleaning may be bj* brusbing. 

Hours for 3,420 block = 145 hr. 

Hours for lintels at 3 hr. per 106 it. (360 ft.) = 20 hr. 

Total mason time = 165 hr. at §1.65 = -3272.55 

Helpers’ time will be estimated at 1.5 times 
the masons' time and includes work 
handling material, mortar, and scaffold- 
ing 1.5 X 165 = 248 hr. at -§0.90 = 223.20 

Total labor = §495.45 

Crew may consist of 2 or 4 masons and 3 or 6 helpers, with ouc 
mason acting as straw boss. 

Equipment: 

Equipment required (except scaffolds) will be assumed at 
§0.55 ner 100 block including transportation. 

§0.55 X 34.20 = § 2S.S0 

Scaffolds are horse scaffolds. Perhaps an estimate of about 
§0.15 per 100 block with an allowance of §10 for transpona- 
tion will be ample. §0.15 X 34.20 -j- §10 = 15.15 

Total equipment costs = S 43.95 

Overhead: 

Overhead will be taken at about 333-3 per cent of labor costs. 

.§495.45 X 333i Tc = §165.15 


Profit: 

Profit will be assumed at 10 per cent of all other costs. 

(§630.92 -r 495.45 -r 43.95 4- 165.15) X 0.10 = §133.55 

Summary: 
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Cost per Total 

Item 100 Block C^ost 

klaterials S17,05 S 631 

Labor 13.40 495 

Equipment 1.20 44 

Overbead 4.45 165 

Profit 3.60 134 

Total S39.70 $1,469 


Total number of block is taken as 3,700, considering tbe lintels to be the 
equivalent of about 2S0 block. 

D. HOLLOY7 CLAY TILE (TSEPA COTTA) ZdASOILRY 

20. Tile Materials. — Clay or terra cotta hollovr tile are made 
of btirnt clay. The tile may be glazed or tmglazed, and may be 
classed as 'vrall, partition, furring, or hoor tile according to use, 
and as load- or nonload-bearing tile, depending upon the load 
carried. Load-bearing tile are usually 8 in. or more in thickness. 

Clay wall and partition tile are usually about 12 by 12 im 
face size and 3, 4, 5, 6, 8, 10, or 12 in. thick. Other face sizes 
are 6 by 12, 8 by 12, and 8 by 8 in. Floor tile are usually 12 by 
12 in. in size and Taiy from 2 to 12 in. or more in thickness. 
Load-bearing tile are heather than nonload-bearing tile, hlany 
special tile are also made. 

Table 6-13 gives approximate weights and costs of partition 
and wall clay the. Prices vaiy greatly at different times and in 
different parts of the country. Load-bearing tile cost 15 to 


Table 6-13. — ^Abpboxqiatb Weights aitd Costs of Hollow Clat Tile 

(12- by 12-m. face) 


Thickness, 

Weight per tile, pounds 

Cost per 

inches 

2v onload bearing 

I 

Load bearing j 

100 tile 

1 

2 

12 or 14 


$5 


3 

14 or 15 


5- 

5- 11 

4 

16 


6 

- 12 

5 

19 


7 

- 14 

6 

22 

30 

S 

- 20 

7 

25 

32 

9 

— 22 

8 

30 

34 

10 

- 24 

9 

33 

36 

12 

- 26 

10 

35 or 36 

40-42 

14 

- 28 

12 

40 

46-52 

IS 

- 32 
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25 per cent more than partition tile of the same dimensions. 
Tile with S- by S- or S- by 12-in. faces cost less. 

Floor tile v.iil average about the same as to weight and costs 
as wall tile of equal size. Floor tile may be flat or arched. 
Forms and centering are often required. See Chap. V on Con- 
crete for methods of estimating forms. 

Roof tile or book tile are used on roofs subjected to compara- 
tively light loads. These tile are often 12 b\* 24 in. in size. 
The}' are usually laid on a structural-steel framework. 

Furring tile often come in a split form. They are like partition 
block which are grooved or scored on the sides so that each 
partition block can be readily split into two halves, each of which 
is a furring tile. 

Fireproofing tUe is tile placed around columns and beams for 
fireproofing purposes. Regular partition tile or special tile may 
be used. 

The number of 12- by 12-in. tile is usually taken equal to the 
number of square feet of net wall surface to allow for a slight 
waste and breakage. Xet wall stirface equals total area of one 
side of wall less area of openings. 

21. Mortar Materials. — ^The mortar required will vary with 
the thickness of the tile, the thickness of the joints, and the 
manner in which the tile is laid (horizontal or vertical). Table 
6-14 gives the approximate amounts of mortar required per 
100 sq. ft. of tile surface for tile of different thicknesses. Thick- 
ness of joints may vary from to ^4 in., or 32 thickness 
being common. 

The mortar proportions may be 1 to 2, 1 to 23^, 1 to 3, 1 to 
33^, or 1 to 4 by weight or by volume of Portland cement and 
sand. Hydrated lime should be added, say about 10 per cent of 
the weight of the cement. See Table 6-10 for quantities of 
cement, lime, and sand per cubic yard of mortar. From 100 to 
200 gal. of water should be allowed per cubic yard of mortar. 
The mortar mix usually used is a 1-3. 

The cost of mortar materials will be about as follows: S0.65 
to $1 per sack of portland cement, $18 to $35 per ton of hydrated 
lime, $0.25 to $1 per 1,000 gal. of water, and $1 to $2.75 per 
ton, or $1.25 to $3.50 per cubic yard of sand. 

Diagrams 6-2, 6-3, 6-4, and 6-11 may be used for estimating 
costs of mortar materials and mortar. 
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Taulu G-M. — Ai’i'uoxt.MATU Quantitiks ok Mohtaii I’oit 100 'Sq. F'r. ok 
S uiiKA<-n oil Koii 100 TiiiiJ WITH 12- uv 12-m. Fach 


Cuhii; yards of mortar por 100 sq. ft. of surface 


Thickness 
of tile, inclica 

il^-in. 

joints 

1 

K-im 

joints 

Nonloiul 

bearing 

Loud 

bearing 

Nonloud 

bearing 

Load 

bearing 

2 

0.0r)-0.08 


0. 00-0. 10 


3 

O.OG-0.10 


0.08-0.12 


4 

0.08-0.11 


0.10-0.14 


5 

0.10-0.12 


0.13-0.15 


G 

0.12-0. 14 

O.lS-0.24 

0.15-0.17 

0.23-0.30 

7 

O.M-O.IG 

0.20-0.25 

0.17-0.20 

0.25-0.31 

8 

0.10-0.19 

0.21-0.27 

0.20-0.24 

0.27-0.34 

1 

9 

0.18-0.22 

0.23-0.30 

' 0.22-0.27 

1 

0.30-0.38 

10 

0.20-0.24 

0.26-0.34 

0.25-0.30 

0.3‘i-0.43 

12 

0.24-0.29 

0,30-0.40 

0.30-0.3G 

0.40-0.50 


22. Labor. — The labor required for laying 100 clay tile will 
vary somewhat with the size and weight of the tile, the number of 
openings and corners, etc,, in the wall, the skill and inclination 
of the men, etc. One mason can lift and place in the wall tile 
weighing up to 50 or GO lb. For heavier tile, two men are often 
needed. The rate of work (tile laid per hour) does not vary 
much with the weight of the tile for tile weighing about 40 lb. 
each or less. The number of helpers required per mason may 
vary from less than one to about three (usually one to two), 
depending upon the working conditions at the particular job, 
the equipment used for mixing mortar and for supplying masons 
with material, and kind of scaffolding and moves required. On 
a small job, the crew may consist of 1 to 3 masons with 1 to G 
helpers. On larger jobs where several masons can work without 
interference, the crow may consist of 1 foreman, 3 to 12 masons, 
1 or 2 hoisting engineers, and 6 to 12 helpers. The use of power 
hoists and power mortar mixers reduces the number of helpers 
required. 

Table 6-15 gives approximate rates of work. Enough helpers 
and equipment must be provided to keep the masons busy. 
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Unless otherwise mentioned, all rates are for 12- by 12-in. tile. 
Time required should be increased 20 to 25 per cent for 8- by 
12-in. tile and reduced 15 to 20 per cent for 12- by 24-in. tile. 
Load-bearing tile are heavier and require a little more time than 
nonload-bearing tile. 


Tabu: 6-15. — Masoj.* T-abos Rzocthbd fob Latdtg ICO Clay Tilb 


Kind of work 

1 Tnickness. 

! inches 

1 Hours per . 
j 100 tile 

j 

Tfle 

per hour 

Furring tile 

i 2 

1 2.50- 4.00 

25-10 


i ^ 


20-35 

1 

Wall and partitioii tile 

l 

i 2 

1 

1 2. So- 5_00 

[ 20-35 


f 3 

1 3.00- 5.00 

1 20-33 


\ 4 

1 ~ 

1 3.35— 5.55 

18-30 


I 6 

! 4.00- 6.25 

16-25 


I S 

5.00— 7.15 

14-20 


1 10 

! 5.55— S.35 

12-18 


[ 12 1 

i 6.25-10.00 

1 1 

10-16 

Floor tile 

i ® 

1 2.25- 4.00 ! 

25-15 


1 8 

1 2.50- 4.75 j 

21-40 


[ 10 

' 2.S5- 5.55 j 

18-35 


{ 12 

: 3.35- 6.65 1 

15-30 


1- 

•1,00 — 2>.3o I 

12-25 


! 16 ' 

i 

5.00-10.00 j 

10-20 

Fireproofing tile 

[ 2. 3, or^ : 

i ' 1 

2.50— 6.65 

15-10 

Thin glazed fioor tile 

f i 

5-20 ! 

5-20 


£ I 


Labor wages are the same as for brick and stone masons and 
helpers and may vary from $1.25 to $2 per hour for masons and 
from $0.65 to $1.50 per hour for helpers. Hoisting engineers 
may cost $1.25 to $2 per hour. 

Diagram 6-12 may be used for estimating labor costs when the 
hourly cost per mason (including helpers, etc.) is known and the 
hoxnrly output may be reasonably assumed. 

23. Equipment. — The equipment required and its cost are 
practically the same as that needed for brickwork (see Ait. 4 of 
this chapter on Equipment). Power hoists and mortar mixers 
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should be used when their use will save money and tend to speed 
up the work. Ptoughly, the equipment e.xpense \dll be as 
follows; 

Hand equipment .?0. 1.5-Sl .00 per 100 sq, ft, (or 100 tile) 

Hand hoists S0,0.5-S0,20 per hour 

Small pov/er mortar mixer .S0,20-$0. 50 per hour 

Power hoist or derrick with 

operator $2. 00-S6 . 00 per hour 

Horse scaffolding .$0.05-.S0.20 per 100 sq. ft. (or 100 tile) 

Pole or post scaffolds .S0.50-S1 .00 per 100 sq. ft, (or 100 tile) 

Scaffold machines -SO . lO-SO , 50 per hour 

Costs of transportation to and from the job, and erection and 
dismantling if required, are in addition to the costs mentioned. 
Elevator towers will cost S.5 to -SIO per foot of height for a one- 
barrow tower and -S? to -$14 per foot of height for a two-barrow 
tower. Salvage values of materials .should be deducted and 
transportation costs added to the.se value,s. 

24. Clay Tile Masonry Estimates. — The co.st estimates for 
hollow clay tile masonry may be summarized for each kind and 
size of tile and later totaled as de.sired. Unit costs may be 
expressed in co-sts per 100 sq. ft. of surface or per 100 tile. Over- 
head should be included and may range from 20 to -50 per cent 
based on labor costs or from 10 to 25 per cent based on the sum 
of material, labor, and equipment costs. Profit may range from 
8 to 15 per cent of the .sum of all other costs. 

CoKt per 100 Sq. Ft. 
of Surface or 
Item per 100 Tile 

Materials (tile and mortar). , -S 

Labor 

Equipment 

Overhead 

Profit 

Total i ^ $ 

26. Illustrative Estimate. — ^Prepare an estimate of the cost of constructing 
partitions of nonload-bearing hollow clay title, 6 by 12 by 12 in, in size. 
Partitions are four each 9,.5 by 24..5 ft. with two openings 4 by 7,5 ft., four 
each 9.5 by 20 ft. with two openings 4 by 7.5 ft., and eight each 9.5 by 14 ft. 
with one opening 3.5 by 7 ft. 


Total 

Co.st 

S 
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Cost of materials at job: tile S10.90 per 100, Portland cement S0.78 per 
sack, hydrated lime S0.95 per 100 lb., sand .$1.65 per ton, water $0.50 per 
1,000 gal. 

Labor wages are: masons $1.S0 per ho-or, helpers $1.00 per hour. 


Materials: 

Total wall area = 4(9.5 X 24.5) -f 4(9.5 X 26) 

-rS(9.5 X 14) =2,9S3 sq.ft. 
Openings = S(4 X 7.5) 4- S(4 X 7.5) -j- 8(3.5 X 7) = 676 sq. ft. 

Net wall area = 2,307 

Number of tile = 2,307 -f 43 (saj-, for breakage) = 2,350 

Cost of tile = $10.90 X 23.50 = $256 

Assuming H-io- joiat, monar required (see Table 6-14) will be 
about 0.16 cu. yd. per 100 tile. 

For job 0.16 X 23.07 = 3.70 cu. yd. Use a I to 3 mortar with 
10 per cent lime. 

Sand (assume 2,600 lb. = 1 cu. 3 'd.) 

= 3.70 X 1^ X $1.65 = $ S 

Cement = 9 sacks per cubic yard 

9 X 3.70 X $0.78 = 26 

Hydrated lime = 9 X 10 = 90 lb. (about). 

At $0.95 per 100 lb., say = 1 

Water, say = 1 

Cost of mortar materials = $ 36 


Total cost of materials = $292 

The cost of the mortar materials may be checked by Diagrams 
6-2, 6-3, and 6-4 if desired. 

Labor: 

For this type of work, about 5 hr. of masons’ time per 100 sq. ft. of 
wall (or per 100 tile) will be required (Table 6-15). Helpers’ time 
will be about the same. 

Masons’ cost = .$1.80 X 5 X 23.07 = $208 
Helpers’ cost = -$1.00 X 5 X $3.07 = $115 

Labor cost = $333 

Checking by Diagram 6-12. $0,145 X 2,307 = $334. 

Equipment: 

For this size of job, mortar will probably be mhted by hand. 

Equipment, except scaffolds, say $0.40 X 23.07 -f- $5 


transportation = $1-1 

Horse scaffolds, say $0.13 X 23.07 -p S3 transportation = 6 

Equipment cost = $ 20 

Overhead: 

Say about 35 per cent of labor costs, $333 X 35 % = -$117 

Profit; 

Say 10 per cent of ($292 -f- $333 -r 320 -r $117) = $ 76 

Total cost = $838 
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Summary; 


Item 

Materials 

Labor 

Equipment 

Overhead 

Profit 

Total 


Cost per 100 Tile Total 
or 100 Sq. Ft. Cost 
$12.65 $292 

14.45 333 

0.85 20 

5.05 117 

3.30 76 

$36.30 $838 


E. GYPSUM BLOCK AND TILE MASONRY 

26. Block and Tile Materials. — Precast gypsum tile are used 
for furring, solid or hollow partitions, fireproofing, and for other 
purposes. The face of a gypsum block or tile is usually 12 by 
30 in., and the thickness may varj’- from 2 to 8 in. or more. 

Table 6-16 gives approximate weights and costs of 100 gypsum 
block and tile of different thicknesses. 


Table 6-16. — Approxiiiatb Weights and Piuces of Grpstni Block 

AND Tile* 


Thickness 

Weight, pounds 

Cost 

100 sq. ft. 

1 tile 

100 sq. ft. 

1 tile 

2 in. solid 


2.25 

S9~Slo 

$0.22-.S0.37 

3 in. solid 


3.25 

10- 18 

0.25- 0.45 

2 in. hollow 


1.75 

8- 14 

0.20- 0.35 

3 in. hollow 


2.. 50 

9- 16 

0.22- 0.40 

4 in. hollow 


3.25 

10- 18 

0.25- 0.45 

5 in. hollow 

1,550 

3.88 

11- 20 

0.27- 0.50 

6 in. hollow 


4.50 

12- 22 

0.30- 0.55 

8 in. hollow 


5.75 

14r- 25 

0.35- 0.62 


* Face area =• 12 by 30 in. = 2.o sq. ft. 


In the take-off, the wall areas for each kind and thickne.ss of tile 
are listed and the number of tile of each kind and thickness 
computed. 

27. Mortar Materials. — ^The mortar materials are gypsum 
cement and sand. The gypsum cement is sometimes called 
"gypsum plaster,’’ "patent mortar,” "patent plaster,” or 
"prepared mortar.” Portland cement may be used in place 
of gypsum cement, but a portland-cement mortar does not bond 
well with gypsum tile. 
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The proportions of the mortar is usually 1 to 3 by volume or 
weight, with weight preferred. Other mixes used are 1 to 2 
and 1 to 2.5. 

Table 6-17 gives approximate amounts of mortar required for 
tile of varj-ing thicknc.'S. The thickness of the joints is usually 
or \ > in. 

TxaL'c 6-17. — .-ippaoxiifATE Qc-orrixirs of Mort.v.r 


Thickneso 

! Cubic j'ardi ’ 

Cubic yards 

of tile, 

; 01 mortar lor ! 

of mortar 

ijichts 

1 100 sq. ft. j 

for 100 tile 

O 

' O.O-t-0.05 1 

0.10-0.13 

3 

: 0.06-0.075 ■ 

0.15-0.19 

4 

! o.os-0.10 i 

0.20-0.25 

5 

1 0.10-0.125 ; 

0.25-0.31 

6 

1 0.12-0.15 : 

0.30-0.3S 

S 

; 0.16-0.20 ; 

0.40-0.50 


Table 6-lS gives the quantities required per cubic yard of 
mortar. 

T.\aL 2 6-lS. Qc.OtTITIES OF GYPSCW CsilENT .4.KD S.VXD FOB 1 Cv. Yd. 

OF Moht.vr 


MLx 

' Mix by \-olurae 

Mix by 

■vreighc 

' Cement, lb. 

J 

j Sand, cu. yd. 

Cement, lb. | 




s 0.93 

1,250 1 

2,500 



1 0.97 

1,040 j 

2,600 



1.00 

900 } 

2,700 


Gj"psum cement costs $15 to $35 per ton. 

Sand costs $1 to $2.75 per ton and $1.25 to $3.50 per cubic yard. 

Diagrams 6-2, 6-3, and 6-4 maj* be used for estimating the 
costs of mortar materials, and Diagram 6-11 for the cost of 
mortar per 100 tile. 

Water costs $0.25 to $1 per 1,000 gal., and 100 to 200 gal. 
may be assumed per cubic yard of mortar. 

28. Labor. — ^As gypsum block and tile are fairlj^ light and 
large compared with hollow clay tile, a mason will lay more 
square feet of wall per hour with gypsum tile than with hollow 
clay tile. Consequently, more helpers per mason wiU be required 
to keep the masons busy. Usually 1.5 to 2 helpers are required 
per mason, and 3 may be needed on some jobs. Table 6-19 
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gives the labor output per mason for laying gypsum block and 
tile. Face dimensions are 12 by 30 in. 

T.4BLE 6-19. — ^Appboxlmatb L.ABOH Odtput tvhex Layixg Gypsum Buocs 

AND Tile 


Thickness 
of tile, 
inches 

Mason hours 
for laj^ing 
100 sq. ft. 

Square feet 
per hour 
per mason 

Alason-hours 
for laying 
100 tile 

Tile per hour 
per mason 

2 

2. 0-4.0 

25-50 

5.0-10.0 

10.0-20.0 

3 

2. 1-4.2 

24-47 

5.2-10.5 

9.5-19.0 

4 

2. 3-4.4 

23-44 

5.7-11.0 

9.0-17.5 

5 

2. 5-4. 6 

22-40 

6.2-11.5 

8.5-16.0 

6 

2.S-4.9 

20-36 

1 7.0-12.5 

S. 0-14. 5 

S 

3. 3-5. 3 

lS-30 

S. 2-13. 5 

7.5-13.5 


Labor wages ma}'- vary from $1.25 to $2 per hour for masons 
and from $0.65 to $1.50 per hour for helpers. 

Diagram 6-12 may be used for estimating labor costs per 
100 tile. 

29. Equipment. — ^The equipment needed will be practically 
the same as that required for brick masonry and for hollow clay 
tile masonry. The costs will be practically the same as those 
given per 100 sq. ft. or per hour in Art. 23 of this chapter. Note 
that a gypsum tile has a face area of 2.5 sq. ft. compared with 
1 sq. ft. for hollow clay the. 

30. Gypsum Block and Tile Estimates. — ^The cost estimates 
for this kind of masonry may be summarized for each size of 
block as directed for other kinds of masonry. About the same 
percentages for overhead and profit should be allowed as for 
brick and hollow clay tile masonry. 

Cost per 100 Sq. Ft. Total 
Item or per 100 Block Cost 

Materials (block and mortar) . S S 

Labor 

Equipment 

Overbead 

Profit 

Total S S 

F. ARCHITECTURAL TEKELA COTTA 

31. Terra-cotta Materials. — Architectural terra cotta or tile 
may be hollow or solid. Nearly all larger sizes are hollow. 
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though the smaller and thinner sizes are soh'd. This material 
is used for ornamental molding courses, copings, etc., instead 
of carved-stone trim. The clay may be molded into almost any 
desired form or shape. The weight is much less than stone and 
concrete, being about 70 to 7o lb. per cubic foot. 

The usual unit is the cubic foot, though the square foot of 
surface or the lineal foot may be used if desired. The cost of 
plain architectural terra cotta will be about the same or a little 
more than hollow claj" tile of equal size and weight. Specially 
molded terra cotta will cost more. The price of architectural 
terra cotta is usually quoted at so much per cubic foot and varies 
with the finish, ornamentation, coloring, difficulty of molding, 
number of times a piece is duplicated, cost of materials, labor, 
transportation, etc. 

32. Mortar Materials. — ^The mortar used with architectural 
terra cotta is usually a 1 to 3 mix by voliune or by weight of 
Portland cement and sand. About 10 lb. of hydrated lime per 
sack of cement is usually added for workability. The addition 
of coloring matter is necessary if the mortar colors are to agree 
with colors of the tile. Richer mixes, such as 1 to 2 or 1 to 2^, 
may be used if desired. Iron or steel dowels and anchors (say 
one to a block) may be reqtiired. 

jMortar joints are usuallj’’ or in. in thickness. 

The amount of mortar required per 100 cu. ft. of terra-cotta 
block will vary greatly depending upon the thickness of joints, 
the size of blocks, and whether or not backing is required. 
About 0.15 to 0.50 cu. yd. of mortar may be required per 100 cu. 
ft. of architectural terra cotta. Average values will range from 
about 0.20 to 0.35 cu. yd. of mortar. 

The prices of mortar materials will be the same as those for 
mortar for clay tile, brick, and stone masonry. 

Table 6-8 or 6-10 and Diagrams 6-2, 6-3, and 6-4 may be used 
for estimating quantities and costs of mortar materials, and 
Diagram 6-11 for the cost of mortar per 100 cu. ft. of terra-cotta 
masonry. 

33. Labor. — ^The labor required for laying architectural terra 
cotta is about the same as for ashlar and cut-stone masonry and 
for trim-stone masonry. The labor needed will vary considerably 
■with different jobs. One to three helpers will be needed for each 
mason.- -Table 6-20 gives appro.ximate labor outputs. 
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T^lb 6-30. — Lasob B02 100 Ctr, Tt. of As-Cbtfsotufai, Tfz2A Cotta 


1 

Kind of worL 

Hours per 

100 cu ft. 

Cu ft. per hour 





Setting 

n-10 

3- .5 

1 

0-20 

3- 5 

i 

10-17 

20-33 

.6-11 

20-33 

BacMng 

Pointing 

Hoijrs per 

100 sq. it. 

Sq. ft. per Lour 

1-3 

1-3 

1-2 

1-3 

30-100 

30-100 

.60-100 

50-100 

Cleaning. 



Lahox •wages for masonis and lielpers will be practically tne 
Baiae as for other Mnds of laasomy, viz,, about $1.25 to $2 per 
hour per mason and §0.65 to §1,50 per hour fox helpers. XHa- 
gram 6-12 may be used for estimating labor costs. 

2A. Equipment — ^The equipment required -Ruh be about the 
same as that needed for brick and .stone masonry. A hoist 
should be provided when the .siae of the job, number and weight 
of block, and v^ertical distance to be lifted warrants its use. 
Scaffolding will usually be needed and may be horse, "oole or 
post, or machine scaffolds. 

The co.st of the Mnds of equipment used will be about the same 
as that for the equipment used for brick and stone masonry. 

So. Architectural Terra Cotta Estimates. — Co. 5 t estimates for 
arcnitectural terra cotta estimates may be itemized and sum- 
marized as for other typei of masonry. Overhead costs may 
range from 20 to 50 per cent of the labor co-ts and profit from 
10 to 25 per cent of the sum of all other cocts. 

XJnit costs may be per 100 cu. ft., per 100 sq. fi., -per 100 b'n- 
ft,, x>er 100 block, or per cubic yard as desired. 

Tint Cost ToUJ 

Itom fper 100 Cn. Ft.) Coot 

Ivlnterialo njlotl: and mortar). . % $ 

Labor 

Equipment 

Oi-.'rLaad 

Pro£t 

Total $ § 














CHAPTER YH 


DAMPPROOFING AND WATERPROOFING 

1. Dampproofing and Waterproofing. — ^The cost of damp- 
proofing or ^raterproofing a surface will depend on the Mnd of 
surface to be treated or covered, the method of treatment used, 
the degree of dampproofing or waterproofing desired, the physical 
conditions of the particular job, and the wages, working condi- 
tions, skill and inclination of the workers. 

In general, dampproofing is intended to resist dampness and 
not to resist water pressure. Waterproofing is intended to 
resist water pressure. The materials should preferably be 
applied to the exterior or water side of a wall or floor. 

The four methods commonly used for dampproofing or water- 
proofing surfaces are the following: 

1. Painting with a water-resisting or -repeUant paint or com- 
pound. One or more coats may be used. 

2. Plastering with water-resisting mortar or compoxmd, usually 

in. or more in thickness. 

3. Placing membranes or layers of waterproofing materials on 
the surface or between two thicknesses of the masonry or wall 
material. 

4. Integral waterproofing by adding powders or compounds 
to the concrete or mortar to make it more dense, and more water 
resisting. 

The unit of measurement is usually the square yard or the 
square of 100 sq. ft. when referring to a surface, or the 100 lin. 
ft. when referring to the filling of cracks or the dampproofing 
or waterproofing of narrow strips. 

The take-off should list the type of treatment, kind of surface 
to which the treatment is to be applied, and other necessary 
data. 

2. Materials. — Among the paints or compoimds applied in the 
same manner as a paint for the purpose of dampproofing are 
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For example, the labor required per square for applying a 
three-ply membrane and asphalt waterproofing might be (0.8 hr. 
per coat X 4 coats asphalt) -}- (0.8 hr. per layer of membrane 
X 3 layers), or a total of 3.2 -f 2.4 or 6.0 labor-hours per square. 

Diagram 7-4 (page 595) may be used for estimating labor costs 
per square when the hourly wage is known and the hourly output 
may be reasonably assumed. 

4. Equipment. — ^The equipment needed will depend upon the 
land of waterproofing or damppi'oofing material used and the 
method of application. 

For cleaning, good stiff brushes are usually sufficient unless the 
surface must be washed also. 

For diying, some form of artificial heat, say a blowtorch, may 
be used. 

For painting, mixing cans, brushes, ladders, planks, sawhorses, 
and painters’ small tools may be needed. 

For plastering, plasterers’ small tools and ladders, sawhorses, 
and plank for light scaffolds will be required. 

For applying membranes, about the same equipment Avill be 
needed as for painting. 

. For integral waterproofing, usually no extra equipment is 
required for adding the waterproofing material either to the 
cement or to the mixing water. 

An allowance from a dollar or two up to 825 or 830, depending 
on the particular job, may be sufficient for equipment costs. 

6. Overhead and Profit. — Overhead costs may vary from about 
20 to 40 per cent of the labor cost, or from 12 to 25 per cent of 
the sum of labor and material costs. 

Profit may range from about 8 to 20 per cent of the sum of all 
other costs. 

6. Dampproofing and Waterproofing Estimates. — Estimates 
for these kinds of work should include costs of all materials at 
the job, of all labor, of equipment required, and of overhead and 
profit. Unit costs per square should be computed, and total 
costs should be computed and tabulated. 

7. Illustrative Estimate. — Prepare an estimate of the cost of water- 
proofing a basement wall of concrete for a basement 24 by 40 ft. in size and 
8 ft. high. Specifications require two layers of felt and three coats of 
asphalt to be used. Each layer of felt must weigh 25 lb. per square, and 
each coating of asphalt must average 35 lb. per square. Price of felt is 
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S3.‘20 per ICO ib. and that of asphalt is -$0.42 per gallon at the job. Labor 
vrages are $1.35 per hour. Overheat! Is 2S per cent of the labor cost, and 
pront is a^^^uined at 9 per cent of all other costs. 

Materials: 


Wall snnace i24 -f 40)2 X S = 1.024 sq. ft. = 10.24 squares. 

Felt, 2 layers, allow 12 per cent for laps. 

2 X 25' X 1.12 X 10.24 = 575 lb. 

Cos: at $3.20 per ICO lb. = $ IS. 40 

Check with Diagram 7-3 

Diagram gives $0.90 per layer per square, and for 
SO.SO X 2 !aye.-s X 10.24 squares = S1S.45 
.\::pbalt, 3 coats 35 lb. per coat = 105 lb. per square 
105 X 10.24 = 1.075 lb. 

One gallon = 9.5 lb., gallons needed = 113.5 

Cos: at -S0.42 per gallon = 47.70 

Check with Diagram 7-2. 1 gal. = 9.5 lb. 

Cost per pound = $0.42 e- 9.5 = $0.04425, or .$4,425 
per 100 lb. 

Diagram gives $1.55 per coat per square 

$1.55 X 3 coats X 10J24 squares = $47.70 

Total materials = -S 66.10 


Labor: 

Asstime 0.9 hr. per coat or per layer per square 
Labor-hours = 0.9 X 5 coats and layers X 10.24 sq. = 46 hr. 
Labor cost = $1.35 X 46 

Check with Diagram 7-4. Cost per square = $1.21 
$1.21 X 5 coats X 10.24 squares = $62.10 
Equipment, say about -$7 for this Job 
Overhead, 2S per cent of $62.10 
ProSt, 9 per cent of .$152.60 


62.10 


7.00 

17.40 

13.75 


Total estimated cost 

Or a cost tver square of $166.35 e- 10.24 = $16.25 


= $166.35 
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WOOD CONSTRUCTION 
A. CLASSES AND ESTIMATES 

1. Classification. — ^Wood construction may be classified accord- 
ing to type of structure or to kind of work. Different types of 
structures would be mill buildings, bridges, towers, barns, stores, 
residences, forms, scaffolding, etc. Different kinds of work 
would be heavy framing, light framing, flooring, planldng, 
sheathing, exterior finishing, and interior finishing. Perhaps a 
classification as to kinds of work is more suitable for estimating, 
though an estimate is usually prepared for one certain structure. 
In this text, wood construction wll be classed as follows: 

1. Heavy construction, such as mill buildings and trusses. 
a. Heavy framing. 

h. Planking. 

2. Light construction, such as ordinary wooden buildings. 

a. Rough carpenter work, including framing, sheathing, 
rough flooring and roofing, furring, door and window 
frames, and insulation. 
h. Finish carpenter work. 

(1) Exterior finish, including siding, cornice, porches, 
doors, ■windows, etc. 

(2) Interior finish, including finish, flooring, doors, 
mndows, stairs, cupboards, trim, etc. 

Wood-lathing estimates are discussed in Chap. XI on Lathing 
and Plastering, wooden shingles in Chap. X on Roofing and 
Flashing, and forms for concrete in Chap. V on Concrete. 

2. Estimates. — Estimates for wood construction may be 
di'vided into materials, labor, plant or equipment, overhead, and 
profit. The estimate for any particular structure may be 
prepared as the estimator desires. For example, in estimating 
the cost of wood construction for a residence, one estimator might 
list all materials and all labor separately; a second estimator 
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mighi di\ide the materials and labor into rough work and finish 
work, and men estimate the costs -'materials. labor, and nerhans 
equipment and overhead) for each of these two kinds of work 
separately. A tnird estimator might divide the work farther, 
say into (1) framing; (2) sheathing, rough floorins. and roofing: 
and (3) other rough carpenter work; (4) exterior finish; (5) interior 
finish except cabinetwork; and ;6) cabinetwork. He might then 
estimate the materials. labor, and perhaps equipment and over- 
head for each of these divisions. 

3. Materials. — ^The materials included in wood-construction 
are the various kinds of lumber and the necessary nails, screws, 
bolts, and other hardware. IMost lumber is measured bv 
the board foot, which is equivalent to a piece of wood 1 ft. 
square and 1 in. thick. The mamber of board feet in a niece of 
lumber is equal to one-twelfth of the product of the width in 
inches by the thickness in inches by the length in feet. For 
example, the number of board feet in a 2- by 10-in. joist 12 ft. 
long is 2 X 10 X 12/12, or 20 board feet, or as usually stated, 
20 ft. ban. ^loiding. trim, and many special shapes are meas- 
ured by the lineal foot. 

AU material sawed from logs is called lumber. The larger sizes 
are called timbers,' and the timbers may be resawed to obtain 
smaller sizes. Eough edge is lumber sawed on two sides. Planed 
resawed lumber is called dressed lumber. Dressed planks and 
boards free from all defects are called dear. Lumber may also 
be classed as Xo. 1 or Xo. 2 common, depending on the com- 
parative number, kinds, and sizes of detects. 

Rough sawing to standard size means that the timbers will not 
be over 34 =cant from the actual size specified; f.e., a 12-by-12 
timber shall not measure less than by 11^1 in. 

Standard dressing shall mean that not more than 34 shall be 
allowed for dressing each surface: f.e., a 12-by-12 timber after 
dressing in all four sides will not measure less than ll4-< bv 
1134 in. 

Standard lengths are multiples of 2 ft., and usually range from 
10 to 20 ft. Longer and shorter lengths are special. Fractional 
lengths are coimted as of the next higher standard length. 

Standard widths are in multiples 01 1 in. 

Sizes usually quoted are 1 by 6 . 1 by S, 2 by 4, 2 by 6 , 2 by S, 

2 by 10 , 2 by * 12 , 3 by 12 , 6 by 12 , and 12 by 12 in. 
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There are several classifications of lumber such as kind of wood, 
(pine, oak, fir), grading (select, common), manufacture or saw- 
ing, size, and use. The size classification is as follows: 

Yard lumber and structural timber: 

1. Strips. Less than 2 in. thick and under 8 in. wide. 

, 2. Boards. Less than 2 in. thick and 8 in. or over in wdth. 

3. Dimension. Any width, and 2 in. and over, but under 

7 in., in thickness. 

a. Planks, 2 in. and under 4 in. thick, and 8 in. or more wide. 
h. Scantlings, 2 in. and under 6 in. thick, and less than 8 in. 
wde. 

c. Heavy joists, 4 in. and under 6 in. thick, and 8 in. or 
more wide. 

4. Timbers (structural). Six inches or larger in least 

dimensions. 

Joists and plank are usually 2 to 4 in. thick and 4 in. or more 
in width. 

Beams and stringers are usually 5 in. or more thick and 8 in. 
or more in width. 

Posts, sills, and timbers are usually 6 by 6 in. or larger in size. 
The grading classification is briefly as follows : 

1. Select lumber that is generally clear and suitable for 

finishing. 

First class is suitable for natural finishes and includes 
grades A and B. 

Second class is suitable for paint finishes, and includes 
grades C and D. 

2. Common lumber containing defects making it unsuitable 

for finishes. 

First class is suitable for use 'svithout waste. Grades are 
Nos. 1 and 2 common. 

Second class is suitable for use wth waste. Grades are 
Nos. 3, 4, and 5 common. 

Common native lumber is sometimes called N. C. 

Table 8-1 gives the number of feet, board measure, for the more 
common sizes of lumber for lengths from 8 to 24 ft. 
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Tablb 8-1. — Feet Boabd Measueb 


Ijength in feec 



8 

i 

1 

mm 

1 - 

18 

IB 

jm 

24 





Feet. 

board meastiie 


■1 


1 by 4 

■2H 

3H 


■iH 

555 


655 

1 755 

8 

1 by 6 

f ’ 

5 

1 6 

7 

3 


10 

! “ 

12 

1 by 8 


653 

1 s 

953 

1055 

12 

1355 

1455 

16 

I by 10 

65^ 

8H 

i 10 

1153 

1355 

15 

1655 

1855 

20 

1 by 12 

8 

10 

12 

14 

16 

IS 

20 

22 

24 

2 by 4 


65^ 

8 

955 

1055 

12 

1355 

1455 

16 

2 by 6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

2 by 8 

lOH 

133a 

16 

1853 

2155 

24 

2655 

2955 

32 

2 by 10 

133a 

mi 

20 

2355 

2S55 

Ha 

3355 

3655 

40 

2 by 12 

16 

20 

24 

23 

32 

36 

40 

/ / 

43 

2 by 14 

ISJi 

233a 

28 

3255 

3755 

42 

4655 

5155 

56 

2 by 16 

21 J 3 

2653 

32 

3755 

4255 

48 

5355 

5855 

64 

3 by 6 

12 

15 

IS 

21 

24 

27 

30 

33 

36 

3 by 8 

16 

20 

24 

23 

32 

36 

40 

44 

43 

3 by 10 

20 

25 

; 30 

35 


45 

50 

55 

60 

3 by 12 

24 

30 

36 

. 42 

48 

54 

60 

66 

72 

3 by 14 

28 

35 

42 

49 

56 

63 

70 

77 

84 

3 by 16 

32 

40 

48 

56 

64 

72 

SO 

SS 

96 

4 by 4 


13H 

16 

1855 

2155 

24 

2655 

2955 

32 

4 bi’ 6 

16 

20 

24 

28 

32 

35 

40 

44 

43 

4 by 8 

21J5 

2655 

32 

3755 

4255 

48 

5355 

5855 

64 

4 by 10 

2653' 

333a i 

40 

46^5 

5355 

60 

1 6655 

7355 

SO 

4 by 12 

32 

i ^0 

48 

56 

64 

I 72 

80| 

SS 

96 

4 by 14 

373a 

1 4653 

56 

6555 

7455 

84 

9355 

10255 

112 

4 by 16 

42H 

1 53H 

1 ^ 

7455 

8555 

; 96 

10655 

11755 

128 

6 by 6 

24 

30 

i 

1 36 

42 

48 

54 

60 

66 

72 

6 fay 8 

32 

40 

1 48 

i 56 

1 64 

72 

SO 

S8 

96 

6 by 10 

40 

50 

60 

70 

; SO 

90 


110 

! 120 

6 by 12 

48 

60 

i 72 

84 

96 

103 

120 

132 

144 

6 by 14 

56 

70 

Si 

98 

112 

126 

140 

184 

168 

6 by 16 

64 

SO 

96 

112 

128 

144 

160 

176 

192 

8 by 8 

42K 

5353 

64 

7455 

8555 

96 

10655 

11755 

128 

8 by 10 

! 53H 

6653 

SO 

9355 

1C655 

120 

133K 

14655 

160 

8 by 12 

64 

SO 

96 

112 

123 

144 

160 

176 

192 

8 by 14 

74?i 

9353 

112 

13055 

14955 

163 

1S655 

20555 

224 

8 by 16 

80 M 


123 

14955 

17055 

192 

21355 

23455 

256 

10 fay 10 

j 

66K 

S353 


11655 

13355 

150 

16655 

1S355 

200 

10 by 12 

SO 

100 

120 

140 

160 

ISO 

200 

220 

240 

10 by 14 

93H 

11653 

140 

16355 

1S655 

210 

23355 

28655 

2SO 

10 by 16 

106H 

13353 

160 i 

1S655 

21355 i 

240 

26655 

29355 

320 

12 by 12 

96 

120 

144 1 

163 ' 

i 

192 ! 

216 

240 

264 

2S3 

12 by 14 I 

112 

140 

168 ! 

196 i 

224 [ 

252 

2S0 

303 

336 

12 by 16 1 

128 

160 

192 J 
1 

224 1 

256 j 

2S3 

1 

320 

352 

384 
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Diagrams 8-1 and 8-2 (pages 596 and 597) show the relations 
between size^ length, and board feet of lumber. 

The approximate weights of lumber are given in Table 8-2. 
These weights are for seasoned Imnber with moisture content 
15 to 20 per cent or less. Weights of green lumber may be from 
20 to 35 per cent more. When computing weights per 1,000 
ft. b.m., some allowance was made for sawing and dressing. 


Txblb S-2. — ^Apphoxhiatb Weights of Lumbeh 


Kind of lumber 

Lb. per 
cu. ft. 

Lb. per 1,000 it, ban. 

Rough 

sawed 

Dressed 

Cedar 

23 

1,800 

1,650 

Cypress 

30 

2,300 

2,150 

Fir, Douglas 

32 

2,500 

2,300 

Fir, eastern 

26 

2,000 

1,850 

Gum 

36 

2 800 

2 550 

Hemlock 

28 

2A50 

2,000 

Locust 

45 ! 

3,450 

3,200 

Mahogany 

36 

2,800 

2,550 

hlaple, hard 

-13 

3,300 

3,050 

Oak, red 

40 

3,100 

2,850 

Oak, white 

45 1 

3,450 

3,200 

Pine, red 

30 

2,300 

2,150 

Pine, white 

25 

1,950 

1,800 

Pine, yellow longleaf 

42 

3,250 

3,000 

Pine, yellow shortleaf 

36 

2,800 

2,550 

Poplar 

50 

2,300 

2,150 

Redwood, California 

25 

1,950 

1,800 

Spruce j 

26 

2,000 

1,850 

Walnut 1 

36 

2,800 

2,550 


When estimating quantities of lumber required for any partic- 
ular purpose, allowance must be made for waste in cutting, 
matching, sawing, planing, manufacture, lapping, etc. This 
allowance may vaiy from about 5 per cent for end cutting up to 
40 per cent or more for lapping siding. Approximate allow- 
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ances for waste will be given tor different kinds of lumber in the 
following articies. 

The prices asked for lumber will vary greatly as to locality, 
kind of wood, size of lumber, manufacture, finish, etc. Prices 
are usually quoted in dollars per 1,000 ft. b.m.. though trim enf] 
special types may be priced per lineal foot. At the present time 
(1946), prices may vary from -$35 to §90 per 1,000 ft. b.m. for the 
s maller sizes of Xo. 2 common grade up to about §130 per 1,000 
It. b.m. lor Xo. 1 co mm on timbers. Hardwood flooring may 
vary from about §90 to §200 per 1,000 ft. b.m. according to 
locality and kind and grade of lumber. When nrenaring esti- 
mates, the estimator must be sure that his prices are correct. 

Allowance must be made in the materials estimate for all 
construction and builders ironwork and hardware, and for the 
nafls, screws, and bolts required. The ironwork and hardware 
are usually listed from the plans and specifications. The weights 
of the various items of structural ironwork may be found from 
any good structural-steel handbook, or the weights may be 
computed from the dimensions and the weight per cubic foot 
(iron weighs 450 lb. per cubic foot, and steel 490 lb. per cubic 
foot). The price is usually ^ven per pound (or per 100 lb.) 
and may vary from about §0.03 to §0.06 or §0.07 per pound. 

Builders hardware such as hinges, locks, handles, and stops 
should be listed separately and prices obtained from dealers or 
from catalogues. 

The quantities of nails are usually estimated at so mant,* 
pounds per 1.000 ft. b.m. or at so manj- pounds per square of 
100 sq. ft., consideration being given to the size of the lumber and 
kind of construction. 

The prices of wire nails may vary from about §0.0-3 to §0.06 
per potmd. Extra prices are charged for the smaller sizes. 
Wire nails usually come in kegs weighing 100 lb. Table S-3 
gives the sizes of wire nails, their lengths, and numbers per 
pound. In general, the length of nail should be from llo to 
2 times the thickness of the lumber. The quantity required will 
vary considerably with the thickness of lumber and kind of work. 
Further information in regard to quantities of nafls required vill 
be given in later artieles. 

WTien preparing the take-off, the materials may be classified as 
suggested in the-article on Clas si fication. Then all the kinds of 
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wood, sizes, and dimensions may be listed under the appropriate 
headings. Hardware and structural ironwork may be listed 
separately. Nails, screws, and bolts are usually estimated after 
the lumber has been listed, consideration being given to the 
kind of construction. If available, a “reminder” list, such as 
described in Chap. XIX on Complete Estimates and in Appendix 
A, should be used so that no important items will be omitted. 


Tousle 8-3. — Wire Nails. Length and Approxisiate Number per 

Pound 


Size 

Length, inches 

Common 

j 

Finish 

2d 

1 

875 


3d 

1.25 

575 


4d 

1.50 

320 

575 

5d 

j 

1.75 

255 


6d 

2 

200 

300 

7d 

2.25 

155 


8d 

2.50 

110 

190 

9d 

2.75 

90 


lOd 

3 

72 

135 

12d 

3.25 

60 


16d 

3.50 

47 


20d 

4 

30 


30d 

4.5 

23 


40d 

5 

18 


50d 

5.5 

14 


60d 

6 

11 



4. Labor. — The classes of labor used in wood construction will 
include superintendents, carpenter foremen, finish carpenters, 
rough carpenters, handy men, apprentices, and helpers or 
laborers. The class of labor and number in each class will 
depend on the size and kind of job, men available, and local and 
union regulations. In general, both skilled and unskilled labor 
should be used. The laborers should be grouped in gangs in 
such a manner that the work will go forward efiiciently in regard 
to cost, quality, and quantity. A gang may consist of a foreman, 
carpenters, handy men, helpers, and apprentices. 
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The number of labor-hours required for a job mil depend on 
the amounts and kinds of mrk, the wor kin g conditions, and the 
skill and inclination of the wo rkm en and foreman. 

The labor cost mil depend upon the hourly mges and the 
labor-hours required. 

Labor wages vary considerably in different localities and at 
different times. Wages are usually higher in the larger cities. 
Approximate ranges of hourly wages in 1946 are as follows: 


Kind of Labor Hourly Wage 

Foremen Sl.oO-SS.OO 

Carpenters 1.2-5- 2.25 

Handy men 0.75-1.75 

Helpers 0.65- 1.25 

Apprentices 0 . 65- 1.25 

Operators for hoists, derricks, etc 1.50- 2.25 


5. Equipment. — ^The number and kinds of tools will vary con- 
siderably, depending on the size and kind of the job. Practically 
all jobs win require hand tools such as a carpenter has in his tool 
chest. Such hand tools include saws, hammers, planes, chisels, 
squares, and planes. If hand tools are to be provided by the 
contractor, an allowance of a few cents (say from §0.03 to §0.10) 
per labor-hour should be sufficient. Most carpenters have 
their own hand tools. Practically every job will require some 
sawhorses and benches. An allowance of a few dollars per 
job for transportation and depreciation is usually enough for 
sawhorses and benches. 

On larger jobs, power saws (both portable and stationary), 
power drills, planers, and other power tools may be efficiently 
used. Such tools may cost from a few cents up to a dollar or 
more per hour for depreciation, repairs, and power (if power 
operated). Costs of operator and of transportation to and from 
the job should be added when necessary. Small derricks or 
hoists (either hand or power) may be needed on larger jobs. 
These hoists and derricks may cost from a few cents up to several 
dollars per hour. Such costs should include depreciation, 
renairs. and maintenance, transportation to and from job, power 
(if used), and operators. If electric power is used, the costs of 
running power lines and for providing the necessarj' snatches, 
fuses, meters, etc., must be included. The lollomng figures are 
approximate. Costs of transportation, erection, moving, and 
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take-down costs should be added. If special operators are used. 


their wages must be added. 

Tool Hourly Cost 

Portable electric saw S0.10-S0.35 

Power drills 0.10- 0.40 

Stationarj' saws (bench) 0.20— 0.60 

Stationary planers (bench) 0.25-0.75 

Hand hoists and derricks 0.05— 0.30 

Small power hoists 0.15-0.60 

Larger power hoists 0.25- 1.00 

Power derrick and cranes 1.00- 4.00 

Elevating tower 0.50— 5.00 


6. Overhead and Profit. — Overhead costs should include all 
cost items such as were hsted in Art. 12 of Chap. I. The overhead 
may be based as a percentage on the sum of the costs of materials, 
labor, and equipment, or may be based on labor costs alone. 
When based on the material, labor, and equipment costs, over- 
head costs may range from 15 to 35 per cent; and when based on 
labor costs alone, overhead may var 3 ^ from 25 to 55 per cent. 
Unemployment insurance, social security taxes, and government 
regulations aU tend to raise overhead costs. 

The percentage allowed for profit on wood construction may 
range from 5 to 15 per cent of the sum of all other costs. 

7. Summary. — ^The costs of wood construction may be esti- 
mated in as much detail as desired, such as heavy and light 
construction, rough and finish carpenter work, framing, flooring, 
roofing, and interior finishing. Some estimators work out their 
costs per 1,000 ft. b.m. The total and unit costs may be sum- 
marized as follows: 

Unit cost 

(Usually per Total 
Item 1,000 Et. B.M.) Cost 

ilaterials $ $ 

Labor 

Equipment 

Overhead 

Profit 

Total S $ 

B. HEAVY V700D COHSTRTJCTIOH 

8. Materials. — The materials used in heavy wood construc- 
tion are wooden timbers and planks, construction steel and iron- 
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work, and spikes, screws, bolts, etc., for fastening the materials 
together. 

The estimating of the quantities of materials in this type of 
construction is a fairly simple process. However, if, in the 
take-on, the length and other dimensions of each piece of framing 
are listed, together with the number and type of cuts and holes, 
the estimating of the labor will be aided. In the listing of the 
planking, it is often advisable to state the spacing of the support- 
ing beams so that the pounds of spikes required may be more 
accurately estimated. 

The take-on may be divided into general divisions such as 
framing timbers, planking, steel and iron work, and spikes, 
screws, and bolts. The framing timbers will include such items 
as .sills, columns and posts, ^ders, and beams in mill build- 
ings and chords, web members, and cross bracing in bridges and 
trusses. The planking will include plank for flooring, which 
may or may not be tongued and grooved. The construction 
steel and iron work will include such items as iron and steel 
column caps and bases, beam hangers, fishplates, tie rods, and 
beam boxes. 

Allowance must be made for waste in the mantuacture, cutting, 
and use of lumber. For heavy framing, if the sticks are listed 
to the nearest commercial size, an allowance of about 5 or 8 per 
cent is usually sufficient for end cutting. For heavy planking, 
both end and side waste must be allowed for. End waste will 
average about 5 or 6 per cent, and may be more if supports are 
spaced so that standard lengths cannot be used. Side waste wiU 
vary with the width of the plank and may be about 10 per cent 
for plank 8 in. wide, about 13 per cent for plank 6 in. wide, 
and about 19 or 20 per cent for plank 4 in. wide. Hence, for 
plank 6 in. wide, the total waste would be about 5 plus 13, or IS 
per cent. 

9. Labor. — ^The labor for heavy wood construction may be 
divided into the work of preparing the timbers and the work of 
erecting or placing the prepared timbers in position. On some 
jobs, as in the construction of wood mill buildings, the work of 
erection may be divided into the work of hoisting and that of 
olacing and securing or fastening the tnnbers. Power tools, 
such as saws, drills, olaners, and hoists should be used to reduce 
labor time whenever practical. 
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The labor for heavy wooden framing may be estimated in 
hours per 1,000 ft. b.m., due consideration being given to the 
sizes of the pieces and the sawing, cutting, hoisting, and fastening 
to be done. A better and more accurate way is to estimate the 
labor in hours per piece or stick (sill, column, or beam), due con- 
sideration being given to the size of the stick and the number of 
operations required. After the labor-hours, using the piece as a 
unit, have been estimated, the labor-hours per 1,000 ft. b.m. 
may be computed. 

The labor for planking may be estimated in hours per square 
or per 1,000 ft. b.m., consideration being given to the thickness 
and width of the plank, the spacing of the supports, and the 
amount of end cutting required. A portable power saw should 
be used to reduce the time required for end sawing. 

The labor for structural ironwork may be estimated in hours 
per piece. Frequently this labor is included in the labor of 
erection. Base plates are usually set by a mason and helper. 
From 0.50 to 1.50 labor-hours will be required per base plate. 


Table 8-4. — Apphoxialate L.abor-hoves fob Pbepabing Timbers 


Kind of ivork 


End cutting, hand tools 

End cutting, power tools 

Ripping, lineal foot, hand tools 

Ripping, linear foot, power tools 

Chamfering, lineal foot 

Drilling 1-in. or smaller holes, hand drill, . 
Drilling 1-in. or smaller holes, power drill. 

Drilling 1.5-in. holes, hand drill 

Drilling 1.5-in. holes, power drill 

Cutting V notches 

Cutting square notches 

Cutting mortises 


Labor-hours per operation 

Small 


Large 

timbers 



0.3 -0.5 

0.5 -1.0 

0.8 -1.2 

0.2 -0.3 

0.3 -0.6 

0.4 -0.7 

0.1 -0.3 

0.2 -0.4 

0.3 -0.5 

0.1 -0.2 

0.1 -0.3 

0.2 -0.4 

0.01-0.03 

0.01-0.03 

0.02-0.03 

0.02-0.05 

0.03-0.06 

0.04r-0.09 

,0.02-0.03 0.02-4). 04 

0.03-0.05 

0.03-0.07 0.04-0.09 

0.06-0.12 

0.02-0.040.03-0.060.04-0.08 

0.2 -0.3 

0.3 -0.4 

0.4 -0.5 

0.2 -0.4 

0.3 -0.5 

0.4 -0.6 

0.1 -0.2 

0.1 -0.3 

0.2 -0.4 


When preparing mill timbers, each carpenter may work alone 
if the timbers are small, in gangs of two carpenters or of one car- 
penter and one helper if the timbers are of medium or average 
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size, and in larger gangs for the larger timbers if more than two 
men are required for handling the timbers. 

Table 8-4 gives approximate labor-hours for different opera- 
tions. Tor each operation, some of the time vnll be required for 
handling the timber, as well as for completing the operation. 
Sometimes the handling when power tools are used requires more 
time than when hand tools are used. Small timbers are less than 
about 100 sq. in. in cross section, medium timbers 100 to about 
180 sq. in., and large timbers over 180 sq. in. in cross section. 
This division as to size is approximate. 

The gang required for hoisting timbers wiU depend on whether 
a hand or power hoist or derrick is used and also on the size of 
the timber. A hand derrick or hoist may be used for structures 
up to 30 or 40 ft. in height. A power hoist or derrick may be 
used for any height. 

A typical gang for a hand hoist or derrick may consist of 

1 foreman. 

4 laborers for operating derrick. 

1 laborer for guy line. 

2 carpenters for placing and fastening timber. 

A typical gang for a power hoist or derrick may consist of 

1 foreman. 

1 operator or engineer. 

2 laborers for loading (one may also tend guy). 

2 carpenters for placing and fastening timber. 

Sometimes, as in the construction of a multistoried b uildin g, 
a power hoist or derrick is used for hoisting tunbers to the floor 
level, and one or more gangs with hand derricks are used for the 
erection. The personnel of the gangs may be varied for most 
efficient working. The load for a hand derrick is usually one 
timber, though two smaller tunbers may be hoisted at times. 
The load for a power derrick is usually larger and may consist 
of 1 or 2 large timbers, 2 to 4 medium timbers, or 2 to 6 or 8 small 
timbers. 

The erection time required per timber will be about the same 
for timbers of less than about 400 ft. b.m. Larger tunbers may 
require a little more time, a larger gang, or both. The total 
time required per timber will consist of loading tune, hoisting, 
unloading or placing, and motiTng derrick. 
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Loading - — 

Unloading and placing tiraber, band hoist. 

Unloading potrer hoist or derrick 

Placing timber- - - 

Hoisting, hand — - 

Hoisting, potrer 

Moving small derrick 

Moving large derrick 


1- 3 min. 

3- 5 min. 

Abont 1 min- per rimber 
^ zuin. 

■2— 5 ft. per minnte 
O-20 ft- per minnte 
10-30 min. 

30-90 min. 


The vrori; should be planned so that the derrick or hoist xaoTes 
vrill be a loinimuni- Tne average moving rime per rimber should 
not exceed 5 min., and should be kept to about 2 or -3 min. tvhen 
pracrical. The load of a hand derrick trill usuailv be one rimber, 
and the load of a potter derrick may he 1, 2, 3, or more timbers, 
depending on rimber size and derrick capacity. 

A hand derrick trill handle np to abont 400 ft, b.ni. per load, 
and a potter derrick trill usually handle larger loads, say up to 
SOO or 1,'200 ft. D.m., depending on the capacity of the derrick. 

Plank trill ordinarily require no preparation, hut may be 
hoisted in suitable loads and then spiked in place. The expense 
of hoisting plank trill depend on the sise of load, speed, vertical 
distance, rimes for loading and unloading derrick, and rimes for 
moving derrick. 


T-gus S-5, — ArpstovniATn PorxDS or Srxsms Hsormsm Ton Pmacsncs 


Thick- 
ness of 
plahk, 

VT>_ 

1 

"Width 

of 

plsmk, 

Sp 

j 

schng of supports, ft. 

1 

i Labor-hr. per 1 00 sq. ft. 

i 

1 

^ I 
1 
1 

i 

^ t 

D j 

1 

S j 

10 ' 12 

1 

1 

Tongue! 

and jSphned 
iCrooved 

. 1 . .. 

1 

* Tq— >n 
nated 

Spikes, lb. 

per 100 sq. it. 

2 

! 

4.5 

. . ! 
0,0 j 

2,2 

) 

i l.S > ... 

I i 

-3.5-5, 0, 



6 

3.0 

2.2 1 

1,5 

1 1.2 j ... 

w , Ly O , 1 



S 

2.3 

1.7 

1 1.1 

1 

1 0.9 ! ... 

1 

2. 0-3.0 j 


3 


15.5 

11.5 

7.5 

1 6-5 1 

, i j 

t4:_ 0-5 . 0 5. 0-5 . 0 



6 

10.5 ’ 

S.O 

5,5 

4.5 j ... 

:3. 0-4. 0 4. 0-5.0 



s 

S-5 

6.0 

4-2 

3.5 j ... 

‘2. 5-3. 5 3.5— 1.5 

1 


a 

6 


11.5 

j S.O 

j 1 

6,5 ! 5.7 

'3.5-5. 0 4. 5-5. Ols . O-S. 0 


s 

— 

S. 5 

j 6.0 

I i 

-3- 0-4,54, 0-5- 5 5, 0-7, 0 
; 1 


The labor of placing and spikangplank trill vary sometthat trith 
the tidekness and tridth of plank, spacing of supports, and ttork- 
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ing conditions. In general, the labor-hours required per 100 
sq. ft. of floor mfl be about the same. For example, as the dis- 
tance between supports increases, the amount of spiking will 
decrease and the difnctilties of placing the plank and of working 
wfll increase. 

Table 8-5 ^ves appro x imate labor-hours and pounds of spikes 
required per 100 sq. ft. of floor area. Lengths of spikes are 
3.5, 5.5, and 7 in. for 2-, 3-, and L-in. plank, respectively. 

Table 8-6 gives approximate times in labor-hours for hoisting 
and erecting timber and plank. The times given include a 
reasonable allowance for moving the derricks. The height of one 
story may be taken as varying from 10 to 16 ft. Labor-hours 
are ^ven per timber and per 100 sq. ft. of floor area for plank. 
Timber hoisting includes loading and hoisting with hand derrick 
and loading, hoisting, and unloading with power derrick. 
When a power derrick is used, timbers are raised to floor level 
by power derrick and then raised in place by hand derrick and 
crew. Planks are raised to floor level and unloaded and then 
placed and spiked by carpenters. 

Whenever possible, the labor should be analyzed in detail, and 
per timber rather than per 1,000 ft. b.m. 

For example, an 8- by 8-in. column 12 ft. long containing 64 ft. 
b.m. might require 0.4 labor-hour for end cuts, 1.0 labor-hour for 
chamfering, and 1.1 labor-hours for hoisting and erecting, giving 
a total of 2.5 labor-hours per timber or about 39 labor-hours 
per 1,000 ft. b.m. However, a 16- by 16-in. column 12 ft. 
long containing 256 ft. b.m. (fom- times as much as the 8 by 8) 
might require 1.2 labor-hours for end cuts, 1.0 labor-hour for 
chamfering, and 1.8 labor-hours for hoisting and erecting, giving 
a total of 4 labor-hours per timber, or about 15.5 labor-hours 
per 1,000 ft. b.m. 

For another example, compare the labor-hours required for a 
large girder for the second floor and a small crossbeam lor the 
fifth. The larger girder is a 12- by 16-in. timber 20 ft. long 
containing 320 ft. b.m. Labor-hours might be 2.0 for end cuts, 
0.8 for chamfering, and 1.7 per hoisting and erecting, giving a 
total of 4.5 labor-hours per timber, or about 14 labor-hours per 
1,000 ft. b.m. The smaller beam is 8 by 12 in., 10 ft. long, and 
contains 80 ft. b.m. Labor-hours might be 1.0 for end cuts, 
0.4 for chamfering, and 1-4 for hoisting and erecting. gi\-ing a 
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Table 8-6. — Approxematb Labor-hours for Hoisting and Erecting 

Timbers and Plank 




Hoisting 

Erection 

Timber 

Load 

One 

Two 

Addi- 

tional 

story 

or placing 
and fast- 

! 


story 

stories 

1 

ening 


Hand Derrick, 400 Ft. B.M. Capacity 
Labor-hours per timber 


Small 

One 

1.00 


0.50 

MEM 


Two 

0.60 

0.90 

0.30 


Medium 

One 

1.10 

1.65 

0.55 


Large 

One 

1.20 

1.80 

0.60 



Labor-hours per 100 sq. ft. floor area 


2-in. plank 

400 ft. b.m. 

1.20 


0.40 

3.00 

3-in. plank 

400 ft. b.m. 

1.50 


0.60 

3.50 

4-in. plank 

400 ft. b.m. 

1.80 


0.80 

4.00 


Labor-hours per 1,000 ft. b.m. 


2-m. plank 

400 ft. b.m. 

5.00 

MEM 

1.60 

12.5 

3-in. plank 

400 ft. b.m. 

4.20 


1.60 

9.8 

4-in. plank 

400 ft. b.m. 

3.75 

1 5.35 1 

1.60 

8.4 


Power Derrick, 1,000 Ft. B.M. Capacity 
Labor-hours per timber 


Small 

One 

Two 

Three 

Four 

Five 

Six 

0.70 

0.40 

0.30 

0.25 

0.21 

0.18 

0.90 

0.50 

0.37 

0.30 

0.25 

0.21 

1 

0.80+0.50 

Medium 

One 

0.80 

1.00 


0.90+0.55 


Two 

0.45 

0.55 

wsm 


1 

Three 

0.35 

0.42 

0.07 


Large 

One 


rh 

0.20 

1.00+0.60 


Two 

m 


0.10 

1 


Labor-hours per 100 sq. ft. of floor area 


2-in. plank 

1,000 ft. b.m. 

0.95 

i^S 9 

■SB 

WMM 

3-La. plank 

1,000 ft. b.m. 

1.15 


Bra 


4-Ln. plank 

1,000 ft. b.m. 

1.30 


m 

4.00 


Labor-hours per 1,000 ft. bm. 


2-in. plank 

1,000 ft. b.m. 

3.50 

ESI 

■SI 

12.5 

3-in. plank 

1,000 ft. b.m. 

2.80 


■■■ 

9.8 

4-in. plank 

1,000 ft. b.m. 

2.20 

Mm 

1 0.20 ! 

8.4 
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total of 2.8 labor-hours per timber, or about 35 labor-hours per 

1,000 ft. b.m. 

Hence, from these ttvo examples alone, the labor-hours for 

1,000 ft. b.m. may vaiy^ from 14 to 40, which indicates that labor 
estimates based on 1,000 ft. b.m. will probably be unreliable. 
In general, the larger the timber, the less the labor-hours required 
per 1,000 ft. b.m. For a rough estimate, the labor-hours per 

1,000 ft. b.m. may be assumed to vary from 40 to 85 for timbers 
containing 60 to 400 ft. b.m., with an average value of about 
20 labor-hours per 1,000 ft. b.m. 

Table S-7. — ^-•ippRoxnu.xE Labor-houes per 1,000 Ft. B.M. ix Heavy 

Wood Coxsthuctiox 


Member 

Timber size 

Labor-hours 
per 1,000 
ft. b.m. 

Mill building 

Small 

25-45 


Medium 

20-35 


Large 

15-25 

Roof trusses 

Meditim and small 

30-45 

*Trf*5;tlM 

Medium and small 

15-30 

Waling 

Large 

15-30 


iledium 

20-40 

Waling 

Remove 

3- 7 

Hoisting tower 

Small 

25-50 

ilaterial storage bin 

Small and plank 

20-40 

Post scaffold 

Small 

12-25 


Remove 

5-10 

Plank 

2 in. 

14-22 


3 in. 

12-18 


4 in. 

10-15 


The data given in Table 8-7 has been gleaned from various 
sources, and is approximate only. The labor-hours given are for 
preparing or framing and hoisting and erecting. It is assumed 
that most of the work of preparing the timbers will be done on 
the ground or floor where some power tools are available. If the 
work of preparing the timbers must be done by hand after the 
timbem are hoisted, the values given in the table shuld be 
increased from 50 to 100 per cent. The plank are assumed to be 
hoisted to the floor and then cut, placed, and spiked. 



228 


CONSTRUCTION ESTIMATES AND COSTS 


A statement concerning labor wages is given in Art. 4 of this 
chapter. 

Labor Diagrams . — Diagrams 8-3 and 8-4 (pages 598 and 599) 
may be used for estimating labor costs of preparing, hoisting, and 
erecting timbers. 

Diagrams 8-5 and 8-6 (pages 600 and 601) may be used for 
estimating the labor cost per 100 sq. ft. as for planking. 

Diagrams 8-7 and 8-8 (pages 602 and 603) may be used for 
approximate e.stimates of labor co.sts per 1,000 ft. b.m. for heavy 
wood construction. 

10. Equipment. — The equipment or plant required for heavy 
wood construction uall include most of the ordinary carpenter’s 
hand tools and several power tools, such as saw.s, drills, and 
planers. Hand or power hoists and derricks mil be required on 
nearly all jobs. 

The capacity of a hand derrick is usually about 400 ft. b.m., and 
that of a power derrick is usually larger, say 600 to 1,200 ft. b.m. 
The hoisting rates may vaiy from 2 to 5 ft. per minute for hand 
derricks and from 5 to 20 ft. per minute for power derricks. 
An operator is usually provided for a power derrick. 

See Art. 5 of this chapter for appro.ximate costs of equipment. 
When computing equipment costs per hour or per 1,000 ft. b.m., 
the estimator must include depreciation, transportation to and 
from the job, erection and removal, maintenance, and operation 
costs. If the equipment is rented, the estimator must know just 
what costs are included in the rental prices. When electric 
power is to be used, the cost of providing this power (power lines, 
switches, fuses, meter) must be included. 

11. Heavy Wood Construction Estimates. — ^The cost estimates 
for heavy wood construction should be computed and then sum- 
marized as directed in Art. 7 of this chapter. As mentioned in 
Art. 6, overhead expenses may range from 15 to 35 per cent 
of all costs or from 25 to 55 per cent of the labor costs. Profit 
may range from 5 to 15 per cent. 

12. Illustrative Estimates. — The illustrative estimates follow- 
ing show the methods of preparing estimates for this kind of 
construction. The material prices, labor-hours, wages, equip- 
ment costs, etc., assumed in these problems may or may not 
apply to other jobs, because of differences in working conditions, 
prices, wages, foremen, and of skill and inclination of workmen. 
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Illustrative Estimate. — Estimate the cost of constructing a hoisting tower 
for one hoist, exclusive of the hoist, cable, and pulleys. Platform hoist is 
7 ft. square. The four comer posts and two guide posts are to be of 4- by 
6-in. timbers. Diagonal braces are 1- by 6-in. rough lumber. Horizontal 
braces are 2 bj* 6 in. Sills are 6 by S in. (two 4- by 6-in. timbers) resting 
on a bed of 2-in. plank. The top of tower (cat head) is to be covered with 
2-iti. p lank , and four 4 by 8 crossbeams are to be provided. Height of 
tower IS to be 45 ft. Tower is to have four guy wires. Lumber, Xo. 1 
common, costs SSO per 1.000 ft. bun. dehvered on the Job. 

Materials: 

Plank for top and base, say 64 X 2 or 128 ft. b.m. and 
81 X 2 or 162 ft. bun. for base, plus about 10 per cent 
for waste, say 

Sills, about 2 X 4 X 8, or 64 lin. ft. of 4 by 6, say 

Posts, about 6 X 44, or 264 lin. ft. of 4 by 6, say 

Horizontal braces, about 24 pieces each 8 ft. long, or 
192 lin. ft. of 2 by 6, say 

Diagonal braces, about 48 pieces, each 10 ft. long, or 480 
lin. ft. of 1 by 6, say 

Top crossbeams, four 4- by S-in. beams each 8 ft. long, or 
32 lin. ft., say about 

Total 1 .540 ft. b.m. 

Four guy wires each SO ft. long, say 320 ft. of ^s-in. wire or 120 lb. 

Spikes and bolts, with some waste, say 30 lb. 

Cost of material = 1.54 X SSO -r S9.00 (spikes and wire) say §132 

Labor: 

Labor-hours required may be somewhere from 14 to 26 per 1,000 ft. 
b.m. or from 22 to 40 for this job if power drills and saws are available. 
If no power tools are used, the labor-hours may vary from about 
25 to 50 per 1,000 ft. ban. or from 40 to SO for the job. This is not 
very accurate, so a rough estimate of the labor required for each part 
of the work will be made. It will be assumed that no power tools are 
available, and that the gang consists of 2 carpenters and 2 helpers. 


320 ft, b.m. 
130 ft. b.m. 
550 ft. bun. 

200 ft. b.m. 

250 ft. b.m. 

90 ft. b.m. 


Arrange base plank and construct sQl. 

End cutting posts, say 48 cuts 

Cutting horizontal braces, say 30 cuts 

Erecting posts and braces bj' hand 

Placing plank and beams at top 

Attaching guy wires 

Total labor-hours 


Hours 

4 

8 

3 

40-48 

4 
3 

62-70 


Say two S-hr. days for the 4-man gang, or 64 labor-hours. 

Cost of gang with carpenters at §2 per hour and helper at $1.25 per 
hour is §6.50 per hour. 
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Cost of gang for tivo 8-hr. days is -$6.50 X 16, or -S104 

This is equal to S67.50 per 1,000 ft. b.m. 

Equipment: 

Equipment used -ivill be ordinary' carpenter’s hand toob, -sviuch are 
owmed by the men, and a fe%v sawhorses and benches. Eor the 


equipment and its transr>ortation, alIo%v S20 

Overhead; 

About 30 to 35 per cent of labor costs should be sufficient, say 35. 

S104 X 35 % b 36 

Profit; 

If profit b to be charged, say 10 per cent of all other costs, or 29 

Total cost S321 


Illustrative Estimate. — Estimate the cost of the columns, girders, and 
planking for a two-storj^ mill budding 40 by 48 ft. in sbe. Colunms are 
spaced 10 ft. on centers crosswbe of the budding and 8 ft. on centers length- 
’.vbe of the budding, giving 5 X 7, or 35, columns per floor. Girders nm 
crosswbe of the budding, and are approximately 10 ft. long, wfith 4X7, 
or 28, girders per floor required. Planking b 3 in. thick and b laid length- 
wbe of the budding. First floor b concrete. Girders for second floor are 
10 by 14 in. in size. First-sioiy’’ columns are 10 by 10 in. in sbe and 12 ft. 
long. Second-stoiy^ columns are 8 b)’’ 8 in. in sbe with outer columns 13 
ft. long, intermediate columns 13 ft. long, and center columns 14 ft. long. 
Roof gbders are 8 by 12 in. in sbe and are covered with plank 2.5 in. thick. 
Steel ba.-,e plates for the columns have been set by the concrete contrac- 
tor, Column caps are of steel costing §2.95 each. Lumber for framing costs 
$90 per 1,000 ft, b.ra. and G-in, plank S90 per 1,000 ft. b.m, delivered at the 
job. Labor wages are foreman $3, carpenter $2, and helper .$1.20 per hour. 

Materials; 

Columns, fir.st storv' 35 X 12 X ^ = 3,500 ft. b.m. at $96 = S 336 

Columms, second story (14 X 12 4- 21 X 14) X — 

== 2,464 ft. b.m. at $96 = 237 

Note that 14-ft. timbers must be i>urcha.sed and then cut for 
the intermediate columns. 

Girders, second floor 28 X 10 X = 3,267 ft. b.m. at $96 = 314 

Girders, roof 28 X 10 X - == 2,240 ft. b.m. at .$96 = 215 

Plank, floor, and roof, allow 18 per cent for end and side ’vvaste, 
and assume roof area 42 bj' 50 to allow for slope and overhang 
(-10 X 48 X 3 -r -12 X 50 X 2.5jl.l8 == 13,000 ft. b.m. at $90 = 1,170 
Column eap.s 2 X 35 X $2.95 = 200 

.Spikes, with some allowance for waste, say 7..5 lb. per 100 sq. ft. 
of floor area or 25.5 lb. per 1,000 ft. b.ra. of plank. 

2.5.5 X 13 = 333 lb. at $0.06 = 20 

Ikflts, etc., at about 3 lb. per girder, .3 X 56 = 168 lb, at .$0.06 = 10 

1 otal materials (24,471 ft. b.m of lumber) = .$2,508 
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Labor: 

Gan^ For preparing the timbers, laborers -nill be arranged in gangs 
01 rsro. each gang consisting of two carpenters. 

For erection, one gang consisting or 1 loreman. 4 laborers on windlass 
and derrick, i laborer on guy rope, and 2 carpenters putting timbers in 
place. A-eraue waue or gans = (3.00 F 2 X 2.00 — by. 1.20)1^ or 
S1.62. 


For laying the planA, carpenter^ wili be used m ganus of two. 

Col umn s. Preparation. Eacn wiU require 2 end cuts and chamfering 
on 4 edges for preparation. Asstime O.S hr. for 2 end cuts and 1.0 hr. 
for chamfering, ghring a total of l.S hr. labor per column. 

Erection. Fiist-Soor columns may be erected without hoisting, 
aEowiag about 0.75 labor-hours for each. Second-story columns 
win have to be hoisted, allowing about 1.50 labor-hours for hoisting 
and placing and proportionate part of time for moting derrick. 

Labor for preparation = 70 X l.S = 126 hr. at -$2 = $ 252 

Labor for erection, nrst 

story = 35 X 0.75 = 26 hr. at .$1.62 = 42 

Labor for erection, second 

story = 35 X 1.50 = 53 hr. at $1.62 = ^ 

Labor cost of columns = .$ 3S0 

This is equal to a cost of S3S0 4- 7.0, or about $54 per 1,000 ft. ban., and 
205 4- 7.0 (about 7,000 ft. b.m.}, or about 29 hr., per 1,000 ft. ban. 
Girders for second Soor. Preparation. .41iow 1.0 labor-hour for 2 end 
cuts, 0.15 hr. for driiiing 6 bolt holes, and 0.4 hr. for chamfering 2 edges, 
giving a total of 1.55 hr. per girder. 

Erection. Allow about 1.50 labor-hours for each hoisting, placing, 
fastening, and proportionate time of moving derrick. 

Labor for preparation = 2S X 1-55 = 44 hr. at -52 = -$ SS 

Labor for erection = 23 X 1.50 = 42 hr. at -$1.62 = 63 

Labor cost of second-door girders = -5 156 

This is equal to a cost of $156 4- 3.3 or about $43 per 1,000 ft. b.m. and 
36 4- 3.3 or about 26 labor-hours per 1.000 ft. b.m. 

Girders for roof. Preparation. -4ilow 1.50 labor-hours. Timbers are 
smaller but end cuts are a little harder. 

Erection. Allow about 2.00 labor-hours for each for hoisting, placing. 


fastening, and derrick moves. 

Labor for preparation = 23 X 1.50 = 42 hr. at $2 = $ S4 

Labor for erection = 23 X 2.00 = 56 hr. at $1.62 = ^ 

Labor cost for roof girders = $ 1 < "I 

This is a cost of $174 4- 2J24, or about $7S, per 1,000 ft. ban. 
and 93 4- 2.24. or about 43 labor-hours, per 1,000 ft. ban. 

Total labor cost of girders = $156 F $174 = -$ 330 

Planking for Soor. Area = 40 X 45 = 1,920 sq. ft. or 19.2 squares 
.Allow 1.50 labor-hours f^or hoisting per square, then hoisting 

labor = 1.50 X 19.2 = 29 hr. at $1.62 = $ 46 

-Allow 3.50 labor-hours for placing and spiking, b;/ carpenters. 

3.50 X 19.2 = 67 hr. at $2 = $ 134 
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PlazOdngforrooL Area = 42 X 50 = 2,100 sq. ft, dt 21 sgaarss. 

Alin — 1,80 laDDr-iions for rioistiag per square: lioisifzig 
labor = 21 X 1-SO = 38 ir, ax Sl,o2 = S 32 

ATlo -cr 3,25 labor-botirs for pladng and ^dfing by carpeareis. 

3225 X 21 = 68 ir, at 32 = 133 

Toxal labor cost for planifng = S 378 

This Isa cost of about $9,40 per square or S29per 1,000 ft, bm, 
babor-iours are 202 total, or about 5 per square or about 1-5,5 
par 1,000 ft. b-ua 

Total labor = $380 $330 $378 = $1, 083 

^Equipment: 

Tie eguipmeut used uTl be tie ordfnaiy caipeuters’ baud tools, cue baud 
denici, and periaps a st-irTI portable potter dnil and one or ttto HuiaTI 
electiie potter satts. 

Total cost of sgtcpment may be assumed at about $40 for der- 
licdt, $40 for elec-tde tools and potter, $30 for small tools, $30 
for beneies and sattiorses, pits $30 tran-mortatdnn = $ 170 

Oreriead: 

Somettiere bettteen 25 to 40 per cent of labor costs may be 
assumed for tits iind of ttofk, say 33 per cent, $1,088 X 33 % = S 360 
Pront: 

Assumed at 10 per cent of all other costs 

(2,508 -f 1,088 A- 170 -f 330) X 10 % = $ 413 

Summary: 

Tie es trma ta may be summaiiaed as foTotts, 

Tie unit costs are based on 24.500 ft, bun, of luniber 



Cost per 1,000 

total 

Item 

Tt, 3,11. 

Cost 

ilaterials 

$102,35 

$2,503 

Tabor 

44 

1,088 

Egujtcnsnt 


170 

Orariead 

14.70 

350 

Pront 

15.85 

413 

Total 


$4,539 


C. UGHT ■f700D COltSTSTICIIOl?— 2.0IJGH T70AK 
13- Idgiii Wood Consimcdon. — As stated in. An. 1 ol this 
c-bapter, light ttood coisrnietioii refers to the consirueiion of 
such srruetures as ordinaiy ttooden fraxae stores, bams, re^ 
denc-es, apartments, and of bmldings abont three stoiies or less 
in height in tthich the timbers used are nsnalhr less than abont 
40 sq. in. in cross section and are rarely over 2 or 3 in, xhieb, 
Ttith the exception of a fern .alls, posts, or beams. 

laght ttood constmetion may be ditided into rough and 
carpenter trorln This section dissnsses rough trork, and the 
follotving section, nnish ttork. 
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14. Materials. — ^The materials for the rough carpenter work 
of light wood construction may be classified as follows: 

Framing. SUls, studs, joists, rafters, plates, beams, posts, 
ribbons. 

Boarding, sheathing, flooring, roofing. 

Furring and grounds. 

Door and window frames (if installed by rough carpenters). 
Insulation. 

In the materials take-off, the sizes and lengths of aU lumber 
should be listed and then computed and totaled in board feet or 
lineal feet. Almost aU lumber for rough carpenter work is priced 
per 1,000 ft. b.m. Any lumber less than 1 in. thick is classed as 
1 in. thick. The use of a good reminder list, such as is described 
in Appendix A, is helpful in avoiding errors caused by omissions. 

Framing. — Sills may be scaled from the plans. These may be 
single sticks or may be built up from 2-in. material. SiUs may 
be 6 by 6, 6 by 8, 6 by 10, etc., in size. When estimating sills , 
about 6 in. should be allowed for lapping single sticks, and about 

5 per cent allowed for end waste. SUl plates may be used when 
the walls extend all arotmd the building and offer a firm support. 
Sill plates may be 2 by 6, 2 by 8, or 2 by 10 in size. 

The number, size, and length of posts supporting floor beams 
or joists may be taken from the plans. Common sizes of wooden 
posts are 6 by 6, 6 by 8, and 8 by 8. About 5 per cent may be 
allowed for waste. In some instances, cast-iron or structural- 
steel posts are used. 

In some cases, hea\T floor beams may be used for supporting 
the joists. These beams may be single piece, though they are 
usually built up of 2-in. material. Common sizes are 6 by 8, 

6 by 10, 6 by 12, 8 by 8, 8 by 10, 8 by 12, 10 by 10, and 10 by 12. 
Ordinary plates and caps, placed below and on top of studs, 

are usually 2-in. material of the same width as the studs. 

Wall and partition studs should be listed as to size and length. 
These studs are usually 2 by 4 in. in size and spaced 16 in. on 
centers, though 2 by 3 and 2 by 6 are sometimes used, and 
spacings may be 12, 20, or 24 in. One extra stud is usuaUy 
provided at each corner and at each opening. About 5 per cent 
should be allowed for end waste. 

A rule for finding the number of wall studs required, spaced 

16 in. on centers^ is to: 
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1. Take three-fourths of total length of walls in feet. 

2. Add one stud for each length of wall. 

3. Add one stud for each intersection with partition. 

4. Add two studs for each wall opening. 

5. Add, for plates and caps, twice the total length of wall 
divided by height of studs. 

6. Add 5 per cent for waste. 

For finding the number of partition studs spaced 16 in. on 
centers : 

1. Take three-fourths of total lengths of partitions in feet. 

2. Add one stud for each length of partition, 

3. Add one stud for each partition intersection. 

4. Add two studs for each partition opening. 

5. Add, for plates and caps, tAvice the total length of partition 
divided by the height of studs. 

6. Add 5 per cent for waste. 

An approximate rule is to allow 1.25 studs for each foot of 
length of wall and partition. 

Joists should be listed according to size and length. They are 
usually spaced 16 in. on centers. Ordinaiy sizes of joists are 
2 by 6, 2 by 8, 2 by 10, and 2 by 12, though 3-in. material is 
sometimes used. To find the number of joists, divide the length 
of fioor perpendicular to the joist by ft. (16 in.) and add one 
end joist. Also add one joist for each partition and header, as 
joists are usually placed in pairs under partitions and when 
headers or short crossbeams frame into them. Allow 5 per cent 
for end waste. 

Bridging is usually required for all joists. At least one pair of 
bridging is used between each two joists. Bridging is usually 
made of l-by-3 or l-by-4 strips. The length of each piece Avill 
vaiy according to the spacing and depth of the joists. About 
18 in. may be allowed for each piece when joists are spaced 16 in. 
on centers. 

Rafters are usually 2 by 6, 2 by 8, or 2 by 10, though 2 by 4 
and 2 by 12 have been used, depending on inclination of roof, 
span, spacing, and load. The spacing is usually 16 in. or 2 ft. 
The size, length, and number of rafters should be listed in the 
take-off. Allow 5 per cent for end waste on ordinaiy roof work. 
If there is much special framing as for gables, the ivaste may be 
more, say as much as 10 per cent in some instances. 
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Gibbons are usuallv 1 by 4, 1 by 5, or 1 by 6. The length 
should be scaled from the plans. Usually one line of ribbons 
around the -fi-alis is required for each story. Eibbons are some- 
times included vdth furring and grounds. 

Rough Boardijig ar.d Sheaihfng . — ^Rough boarding or sheathing 
for ncors. vraUs, and roof may be of unmatched boards 1 bv 6, 
1 by S, or 1 by 10 in dse or of matched boards (tongue and 
grooved or shiplap) 1 by 6, 1 by S, 1 by 10, or 1 by 12 in size. 
Rough flooring may be laid across the Joists or diagonaflv. 
W all sheathing may be placed horizontally or diagonally. Rough 
rooting is usually placed across the main rafters. ISo allowance 
is usually made for smaB openings in floors or roofs. Small wall 
openings are not allowed for," and large openings (doors anri 
windows) may or may not be deducted. Some estimators 
consider the waste in wall sheathing as being equal to the open- 
ings, and others allow for waste and deduct for the larger open- 
ing. The use of ordinary boards and shiplap for outside wall 
sheathing is decreasing. Fiberboard, pressed wood, etc., is 
being used instead. 

Table S-S ^ves approximate allowance for end and side waste 
for material and unmatched boards hiid on floors, walls, and on 
fiat roofs. For pitched roofs and for gables, add 5 per cent more. 
Wail openings for windows and doors are deducted. 


Tism S-S. — Ai^ovtascs toz Wasxs iv Eouge BoAEDrs'c 


1 

Size. i 

inches ' 

j 

[ Unms 

! 

rcned 

1 

[ Alatcbed 

1 

Laid j 

i crossTvise 

! 

Laid 

diagonal 

; 

f Laid f 

1 - ( 
1 crossmse • 

t 1 

Laid 

diagonal 

Ibv 6 

15 ' 

20-25 

i . 

t 20 i 

25-30 

1 by S ! 

13 - 

lS-22 

IS ; 

22— 2S 

Iby 10 

11 ; 

15-20 

■ 16 

20-25 

Iby 12 

10 

i 

15-20 

‘ 15 ; 

i ^ 

20-25 


Diagram 8-9 (page 604) may be used for estimating the cost of 
rough boarding and sheathing. 

Furring and Grounds . — Furring and grounds are usually about 
1 by 2 or 1 by 3 in size. The lengths are scaled from the plans. 
Furring and grounds are usually listed in lineal feet mstead of 
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board feet. Appror-nmatc-iy 2 lin. fi. of grounds are required for 
each linear foot of base or chair rail, and 1 lin. ft. of grounds for 
each linear foot of picmre mold or casing. 

Windou' and Door Frarnc -^. — The iTindo’.T and door frames are 
often set bj* the rough carpenters as soon as the framing and 
sheathing permits and, com-equenth', are included tvith the 
rough carpenter '.vorln In some cases, these frames are not set 
until the nnish carpenter vcorh is start>ed, and then this trork is 
included in the finish carpenter tvork. 

In the take-on, the uindotv and door frames are listed as 
separate units according to size. 

Jnsnlanon . — Insulating material is of rrro ’ ' ' 
placed betTveen the studs or joists, and that 


fhich is nlaced 


outside the studs either on the outside to take the place of the 
rough sheathing or on the inside to take the place of the Lath. 

Insulating material that is placed bettreen the studs or trails 
usually comes in strips of suitable tridth for studs or joints sp:iccd 
16 in. on centers and in various lengths. Some of the softer 
material comes in rolls. The total length should be given, trith 
an allotrance of about 5 per cent for laps and traste. Some 
insulating material comes in blocks or bats about 15 im ttide and 
of varying lengths and should be listed as to number of units of a 
given length or as to total length. Other material comes loose 
and is sold by the pound or cubic foot, 1 cm ft. being enough for 
an area of 3 or 5 sq. ft. bettreen joists. 

Insulating material that is to be placed on the ontside of the 
joists usuallj' is in tridths of 32 or 4S im and in lengths from 6 
to 12 ft. The thickness is us uall y f-g or in. This material is 
listed and priced per 1,000 sq, ft. of suriace. There are many 
varieties on the market. "When this material is used for outer 
sheathing, it is usually placed by the rough carpenters and classed 
as rough carpenter trork. When it is used instead of lath, it 
may be placed by rough carpenters or by lathers and classed 
accordingly. When it is used as interior finish, it is placed by 
finish carpenters and classed as interior finish- Waste, vrhen 
classed as rough eaipenter ttork should be small, say 5 per cent. 
No deductions should be made for yn-i-qll openings, but large 
openings (ordinary trindoTvs and doors) should be dedneied. 
There are many varieties of plywood or vrallboard or plaster 
board op the market. Prices for this type of material vary from 
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Reqoked 


Material 


Framing: 

Sills, single piece 
SiUs, built up. . . 

Posts 

Beams, built up. 

Studs 

Plates and caps. 
Joists 


Bridging 

Rafters, simple roofs 

Rafters, gables and dormers . 

Ribbons 


Boarding, fiooring, and sbeatbing: 
Rough fiooring, unmatched 

Laid crosswise 

Laid diagonal 

Rough flooring, matched 

Laid cross’.^dse 

Laid diagonal 

Roofing, unmatched 

Flat and plain 

Pitched, gables 

Roofing, matched 

Flat and plain 

Pitched, gables 


Sheathing, unmatched 


Laid crosstirise. 


Laid diagonal 

Sheathing, matched 

Laid crosswise 

Laid diagonal 

Miscellaneous : 

Furring and groimds 

Window and door frames. 


Unit of 

nieosuremen: 

« c 

f 

Percent- 
age of 
waste 

{ 

1 Pounds 

1 of nails 

1 .000 It. b.m. 

5 

i 

[ 5-10 

. 1 .000 ft. b.m. , 

o— S 

! 10-20 

. 1 .000 ft. b.m. ; 

5 

1 None 

. 1.000 it. b.m. 

5— S 

: 10-25 

' 1,000 ft. b.m. 

5 

1 10-15 

. 1 .000 ft. b.m. 

5— S 

10-20 

1,000 ft. b.m. ^ 

5 

: 10-25 

; jl .000 ft. b.m. 

5-10 

! 20-25 

•jjl.COOlin. ft. ‘ 

2— 5 

: 5- S 

.' 1,000 ft. b.m. , 

5- S 

, S-15 

. 1 .000 ft. b.m. ■ 

10-20 

10-20 

’ jl .000 ft. b.m. , 

s 

i 20-25 

( 100 lin. ft. 

2- 4 

: 2 

( 

i i 

. } 1 , OOO IT. b.m. 1 

35 

f 

20-30 

.[ 1.000 ft. b.m. i 
i ■ j 

20-25 

20-30 

.1 1,000 ft. b.m. ; 

20 

20-30 

.| 1,000 ft. b.m. I 

25-30 

20-30 

' i 

.' 1,000 ft. b.m. 1 

15-20 

[ 20-30 

J 1,000 ft. b.ni* ' 

» i 

20-30 

1 20-30 

.1 1.000 ft. b.m. ■ 

20-25 

[ 20-30 

.[ 1.000 ft. b.m. j 

25-30 1 

' 20-30 

.1 1,000 sq.ft. ; 

5-10 

[ 12-20 

1,000 ft. ban. 

15 

1 20-30 

1,000 ft. b.m. 

20-25 

1 20-30 

1,000 ft. ban. 

20 

i 20-30 

( 1.000 ft. b.m. 

1 

25-30 

i 20-30 

ICO lin. ft. 

S-12 

1- 2 

; ! 


1- 2 
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about $30 and up per 1,000 sq. ft.; average prices for plaster and 
■vrall board material ordinarily used vary from about $30 to $80 
per 1,000 sq. ft., depending on bind, quality, and thiebness. 

Miscellaneous material may be list.ed according to article, 
veigbt, length, area, or volume as the ease may be. 

Nails . — ^The nails used should be from about 1.5 to 2 times the 
thiebness of the board. At least tvo nails should be ahov-ed for 
each board at each support. Boards over 8 in. vide tdll require 
three or more nails at each support. The vaste in nails is com- 
paratively large. Prom 10 to 25 per cent may be alloved for 
this purpose. 

The mformation riven for mat erials for rough carpenter trorb 
is summarised in Table 8-9. 

15. Labor. Fra^ning . — ^The labor time for framing light mood 
construction mill vary mith the times required for preparing and 
erecring each piece. These times mill vaiy according to the 
number and hind of cuts required per piece, size of piece, and 
difficulties of erection. Consequently, some estimators prefer 
to estimate light mood framing, uring a piece (or 100 pieces) 
as a unit and others use 1,000 ft. b.m. as a unit. 

Table 8-10 gives the carpenter-hours required for light framing, 
using the piece as a unit. Cutting mill require about rmo-thirds 
of the rim e required for preparation and measuring and laying 
out about one-third. The values ^ven in the table are for soft.er 
moods such as hemloeb, spruce, and soft pine. Prom 15 to 25 
per cent more rime must be aUomed for preparing harder moods 
such as hard pine, chestnut, and oab The time required for 
prepanng the timbers depends on the cuts required and not on the 
length of the piece. If templates can be used, conriderable time 
may be saved in laying out and measuring. 

For bridriiig betmeen joists, allom 2 to 4 labor-hours per 
100 pieces. 

The rimes carpenter-hours if no helpers are used. 

On morb mhere helpers may be used, the rimes given are man- 
hours. 

Diagrams 8-3 and 8-4 may be used for estimating labor costs 
per timber for light framing. 

Table 8-11 gives approrimate rimes in man-hours required for 
light framing, using 1,000 ft. b.m. as a unit. Usually one half to 
tmo-thirds of the time mill be for preparation (measnring, lajing 
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Ta-ble S-11. — Arr-ROXTMATE Tiaes in Man-hoers per 1,000 Ft. B.M. 

FOR Light Framing 


Ivind of timber 

1 

Hours 

Prepam- 

tion 

per 1,000 f 

Erection 

t. b.m. 

Total 

Sills, single piece 

12-18 

8-12 

20-30 

Built up 

15-25 

8-12 

25-35 

Posts, single piece 

8-12 

8-12 

16-24 

Girders, single piece 

12-18 

10-15 

24-35 

Built up 

15-25 

10-15 

27-40 

Joists, 2 bv 6, 2 by S, 2 by 10 

12-18 

9-15 

22-33 

2 by 12, and larger 

10-15 

8-12 

18-27 

Ceiling beams, 2 b 3 ’- 4, 2 bj’^ 6, 2 bj’^ S 

15-20 

10-16 

25-35 

Bridging, per 1,000 pieces 

10-15 

10-15 

20-30 

Per 1,000 ft. b.m 

30-40 

30-40 

60-80 

Studs, -yall, 2 by 4, 2 by 6 

12-25 

8-12 

18-37 

Partition, 2 b^’' 3, 2 bj’- 4, 2 bv 6 

12-25 

8-15 

20-40 

Plates and caps 



20-40 

Ribbons, 1 bv 4, 1 b 3 ’' 



30-50 

Rafters, main 

10-20 

10-15 

20-35 

Jack 

15-25 

12-20 

25-40 

Hip and valle 3 ' 

20-30 

15-30 

30-45 

Small roof trusses 

25-30 

15-20 

40-50 


T.able S-12. — Approximate Man-hours for Rough Boarding and 

Sheathing 


i 

Work 

Hours per 
square of 
100 sq. ft. 

Hours per 
1,000 ft. 
b.m. 

Rough flooring, unmatched, crosswise 

1 

1,6-2. 9 I 

14-25 

Diagonal 

2. 1-3. 5 

17-29 

Matched, crosswise 

1.9-3. 3 

16-27 

Diagonal 

2. 4-4.0 

19-31 

Roofing, unmatched, plain and flat 

2. 0-3.0 

17-25 

Gables and dormers 

2-7-4. 0 

22-32 

hlatched, plain and flat ... 

2. 3-3. 5 

19-28 

Gables and dormers 

3. 0-4. 5 

24-35 

Sheathing, unmatched, crosswise 

1. 8-3.0 

16-26 

Diagonal 

2. 3-3. 7 

19-30 

Matched, crosswise 

2. 0-3. 5 

17-29 

Diagonal 

2. 5-4.1 

20-32 

Wallboard and plaster board 

1-5-2. 8 

14-26 
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may be the square of 100 sq. ft. or 1.000 ft. b.m. A square vriil 
require more than 100 ft. b.m. on accouut of waste. When wall 
or plaster board is used tor rough sheathing, the time required is 
usualK' less than for rough boarding. Api)ro>dmate time in 
man-hours tor rouch boardinc: and sheathing is given in Table 
S-12. 

Some estimators add 1 hr. of labor for eveiy- S to 12 lin. ft. 
of hip. ridge, and valley in the roof, and 1 to 2 ft. b.m^ of lumber 
for each lineal foot of roof hip. ridge, and valley. 

Diagrams S-5. S-6. S-7. and S-S may be used for estimating 
labor costs of rough boarding and sheathing. 

MuC'dlnncous . — There is always more or less miscellaneous 
labor connected with the rough carpenter work which cannot be 
readily classified with other labor and. consequently, should be 
listed separately. Table S-13 gives approximate man-hours 
required for .several items of work. 


Txbu: S-13. — A???.csi3r.\.-n: M.»ac-EorK5 roe. Woek 


Kind o: Work 


au-bours 

Furring on vood 

I -2 

per 100 lin. ft. 

Furrins on brick and tile 

1.5-3 

per 100 lin. ft. 

Grounds on wood 

2 -5 

per 100 lin. ft. 

Grounds o*> brick and tile 

5 —6 

per 100 lin. ft. 

Insulaiing material b-etween studs — 

2 -S 

per 100 lin. ft. 

Insula ttnn material, between Joists ... 

2 -6 

per lOO lin. ft. 

Settinn sinnle outside door frames 

1.5-2. 5 

each 

Sett'un s^-me inside door frames. . . - 

1 -3 

each 

Settinn double inside do-or frame.' — 

2 -3 

each 


TrjTtnoTr TrtiniCS. ...... 

Setting: double tvindotr frsines 

Setting triple vrindorr frsnies ... 

Cuttins boles nnd Stting plugs in 

mnsonsy srells 

Bridging 

Buiidinn tKtDer 


1 .0- 1 .5 each 
i .5-2.0 each 

2. 0- 3.0 each 


jt.-O-O 


.0 for 10 


2 per 100 pieces 

O.S— 1.5 oer 100 so. ft. 


Diagrams S-o and S-6 may be tised for estimating furring and 
grounds, etc., uang rate of work per 100 lin. it. instead of 100 
sq. ft. 

16. Equipment. — The equipment- used for rough carpenter 
work in light wood construction often consists of hand tools 
only, of which each carpenter should have a set. Sometimes 
workbenches, power bench savs, and portable electric saws may 
be used to advantage. If electric power is to be used, the 
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may be the square of 100 sq. ft. or 1,000 ft. b.m. A square wili 
require more than 100 ft. b.m. on account of tvaste. When wall 
or plaster board is used tor rough sheathing, the time required is 
usually less than tor rough boarding, Appro-timate time in 
man-hours for rough boarding and sheathing is aiven in Table 
S-r2. 

some estimators add 1 hr. of labor for everj.* S to 12 lin. ft. 
of hip, ridge, and valley in the roof, and 1 to 2 ft. b.m. of lumber 
for each lineal foot of roof hip, ridge, and vaUey. 

Diagrams S-5, S-6. S-7, and S-S may be used for estimating 
labor costs of rough boarding and sheathing. 

MiiCcllanious . — There is alv.aj-s more or less miscellaneous 
labor connected v.ith the rough carpenter vrork which cannot be 
readily classified vnth other labor and, consequently, should be 
fisted separately. Table S-13 ^ves approximate man-hours 
required for several items of work. 

T.V3U: S-13. — A???-r T-r\f\ -r£ iLoc-HocBS roa MiscELnomoTrs Woek 
K ind of Work Man-hours 


Furring on wood 

1 -2 

per lOO lin. ft. 

Furring on brick and tile 

1.5-3 

per ICO lin. ft. 

Grounds on wood 

2 -5 

per lOO lin. ft. 

Grounds on brick and tHe 

5 S 

per ICO lin. ft. 

Insulating materia!, between studs. . . 

2 -S 

per ICO lin. ft. 

Insulating material, between jotsts. . . 

2 -6 

per ICO lin. ft. 

Setting single outside door frames .... 

1.5-2. 

5 each 

Setting single inside door frames. . . . 

1 -3 

each 

Setting double inside door frames . . . 

2 -3 

each 


Setting sinnls window frames. 1 .0—1 .5 each 

Setting double window frames 1 . 5-2 . 0 each 

Setting triple window frames 2 . 0-3 . 0 each 

Cutting holes and fitting plugs in 

masonrv walls — - -- 3. o — o . 0 tor 10 

Bridning 2 -4 per lOO pieces 

Building oaner. O.S — l.o per iOO s<^. ft. 

Diaarams S-5 and S-6 may be used for estimating furring and 
grounds, etc., using rate ox work per 100 lin. ft. instead of 100 
sq. IT. 

16. Equipment — The equipment used for rough carpenter 
work in light wood construction often consists of hand tools 
onlv, of which each carpenter should have a set. Sometimes 
workbenches, power bench saws, and portable electric saws may 
be used to advantage. If electric power is to be used, the 
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expense of providing for this power must not be omitted. See 
Art. 5 of this chapter for allowances for equipment. 

Scaffolding will be usually required for most rough carpenter 
work. On large jobs, the scaffolding should be estimated as a 
separate item. The costs will include materials (less salvage), 
transportation, and labor of erection and removal. On small 
jobs, the scaffolding may be estimated at so much per square 
(100 sq. ft.) of wall surface. These costs may range from about 
S0.80 to 82.50 per square. When the same scaffolding may be 
used for other purposes, such as exterior finish, the cost per square 
for rough carpenter work will be reduced proportionately. 

17. Estimates for Rough Carpenter Work. — Estimates for 
this kind of work are usually prepared by computing the mate- 
rials, labor, equipment, overhead, and profit separately for all 
the rough carpenter work and then totaling. However, some 
estimators prefer to separate the rough carpenter work into 
framing, rough boarding, and miscellaneous, and then to estimate 
the materials, labor, equipment, and overhead separately for 
each of these three items. Such a method is satisfactory on the 
larger jobs. If unit estimates are desired, they are usually 
computed per 1,000 ft. b.m. of the lumber used, though in some 
instances they may be computed per 100 sq. ft. or square, or per 
wall panel (16 in. -wide and about 8, 9, or 10 ft. high). 

Overhead costs may range from 25 to 55 per cent of the labor 
costs, or from 15 to 35 per cent of the costs of materials and 
labor. Profit may vary from about 5 to 15 per cent of the sum 
of all other costs. 

18. Illustrative Estimate. — Prepare an estimate of the total cost of the 
rough carpenter work (materials, labor, equipment, overhead, and profit) 
for a simple two-story residence. 

Materials prices for materials delivered at the job are as follows: 

Rough lumber for framing and sheathing, S4S per 1,000 ft. b.m. 

Nails, S0.05 per pound. Insulating exterior sheathing board S75 per 

1,000 sq. ft.. 

Outside door frames S7. Inside door jamb sets $2. Window frames 

S4. 

Labor wages are §2 per hour for carpenter, and $1.20 per hour for helper. 

The materials take-off gave the following information; 

Size of basement, 24 X 30. Basement wall in place. 

Plate or sill on top of waU, 2X6. 

Posts in basement, 8 X 8 by 7 ft. 0 in. high. 

Built up girder, 8 X 12 by 29 ft. long. 
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First-tioor joists, 2 X 12 by 12 ft. long, 16 in. on centers, 
l^cond-fioor joists, 2 X 10 by 12 ft. long. 16 in. on centers. 
Second-Soor ceiling beams. 2 X S by 12 ft. long, 16 in. on centers. 
Rafters. 2 X 6 by 16 ft. long, 16 in. on centers. 

Outride wall studs, 2X4 by 17 ft. 6 in. long, 16 in. on centers. 
sVttie wall joists at ends, 2 X 4 up to 9 ft. long, 16 in. on centers. 
Basement partitions. 22 lin. ft. less 1 single door, S ft. high. 

First-fioor partitions: 

29 lin. ft. less 1 single door 32 in. wide and 1 opening 5 ft. 6 in. wide. 
23 lin. ft. le^s 2 single doors, each 32 in. wide. 

Height of panitions is S ft. 6 in. 

Second-floor partitions: 

29 lin. ft., less 2 single doors, 32 in. wide. 

29 lin. it., less 2 single doors, 32 in. wide. 

9 lin. ft., less 1 single door, 32 in. wide. 

9 lia. ft. 

9 lia. ft., less 1 single door, 23 in. wide. 

10 lin. ft., less 1 single door. 23 in. wide. 

10 lin. ft., less 1 single door, 23 in. ttide. 

3 lin. ft. 

3 lin. ft. 

Panitions are S ft. high. 

Outside doors, two, 36 in. vAdo, 6 ft. 9 in. high. 

.\ttic doors are 6 ft. 9 in. high. 

Windows, nrst floor, two double. 4 ft. S in. by 5 ft. 6 in. 

four single, 2 ft. 4 in. by 5 ft. 6 in. 
one single, 2 ft. 0 in, by 4 ft. 2 in. 

Windows, second floor, two double, 4 ft. S in. by 5 ft. 2 in. 

five single, 2 ft. 4 in. by 5 ft. 2 in. 

Windows, attic, two single, 2 ft. 0 in. by 3 it. 10 in. 


JfcUenals: Framing: 


Ft. B.M. 


Basement. 2 posts S X S by 7 ft. 0 in. 

1 beam S X 12 b 3 ' 29 ft. 0 in. (say 30 ft.) 

1 sill plate 2X6 by 112 ft. 

Joists. First-floor joists, each joist 2 X 12 by 12 ft. = 24 ft. bun. 
Number of joists = (3^ X 30) X 2 = 23 X 2 = 46 plus 2 end 
joists and 2 partition joists = 50 
Second-floor joists, each 2 X 10 by 12 ft. = 20 ft. b.m. 

Number of joists = (K X 30) X 2 = 23 X 2 = 46 plus 2 end 
joists and 4 partition joists = 52 
Second-floor ceiling joists, each 2X8 bj* 12 ft. = 16 ft. bun. 
Number of joists = 0-^ X 30) X2 = 23 X 2 = 46 
Bridging 132 pairs of 1 X 3 by IS in. long = 396 lin. ft. 

Studs. Outside waB studs, each 2 X 4 by 17 ft. 6 in. (say IS ft.) 

= 12 ft. b.m. 

(30 -r 30 -r 24 24) -f 4 comers -f- 4 partition intersections 

-r IS (openings) = lOS at 12 ft. bun. 


75 

240 

112 


1,200 


1,040 

736 

100 


1,296 
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Attic wall studs 54(24 + 24) + 2 ends = 38 

Average height 4 ft. 6 in., or 3 ft. b.m. 114 

Plates and caps 2(30 + 30 + 24 -f- 24) = 216 lin. ft. of 2 X 4 144 

Ribbons lOS ft. of 1 X 5, say 45 

Fire stops at second floor, say 100 lin. ft. 2X4 67 

Basement partition joists 2X4 by S ft. = oYi ft. b.m. 

54(22) + 1 end + 2 openings = 20 107 

Plates and caps 2 X 22 = 44 lin. ft. 30 

First-floor partitions, 2X4 by 8 ft. 6 in. = 673 ft. b.m. 

54(29) -p 1 end + 4 openings = 27 
%(23) + 1 end -p 4 openings = 23 

Total of 50 284 

Caps and plates 2(29 -p 23) = 104 lin. ft. 70 

Second-floor partition, 2X4 by 8 ft. = 5H b.m. 

54(29) -p 54(29) + 54(9) + 54(9) + 54(10) + 54(iO) 

+ 54(3) + 54(3) + 9 (ends) + 16 (openings) 

= 22 +22 -p7+7+7+8+8+3+3+9-pi6 = 112 598 

Plates and caps 2(29 + 29 +27 + 20 + 6) 158 

Rafters, 2(54 X 30) + 2 ends = 48 
Each 2 X 6 by 16 ft. long = 16 ft. b.m. 768 

Total framing net 7 , 174 

Allow 5 per cent waste 358 

Total 7,532 

Say 7 , 500 

Rough boarding: 

First floor, 1X8 laid diagonal 
Gross area, 24 X 30 = 720 sq. ft. 

Allow 20 per cent waste 865 

Second floor, same 865 

Attic floor, shiplap laid crosswise 

24 X 30 = 720 sq. ft. Add 20 per cent for waste 865 

Total rough flooring 2,595 

Say 2,600 

Exterior sheathing board for outside walls. 

17.5(30 -P 30 -P 24 + 24) -P 2^ ^'* ^ (attic ends) 

= 1,890 + 216 = 2,106 sq. ft. 

Add about 5 per cent for waste, say 2 , 200 

Note that as no deductions have been made for openings, no allow- 
ance for waste may be needed. 

Exterior sheathing board for roof, say 32 X (2 X 16) = 1,024 sq. ft. 

Add 5 per cent for waste 1,100 

Total sheathmg board 3 , 300 

Grounds, about 432 lin. ft. on flrst floor, plus about 600 lin. ft. on 
second floor for base, plus about 516 lin. ft. for molds gives 1,548 
lin. ft. Allowing 5 per cent for waste gives a total of 1,625 lin. ft., 
or ft. b.m., say about 


550 
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Door and nrindow frames 
Door frames, outside 
Inside 

"Windotv- frames, double 
Single 

Nails, framing, say 10 lb. per 1,000 ft. b.m. 

Rough boarding and grounds, say 20 lb. per 1,000 ft. b.m. 
Esterior sheathing board, say 12 lb. per 1,000 sq. ft. 

Total 


Materials, summary: 

Cost 

Framing, 7,500 ft. b.m. at $72 = $ 510 

Rough boarding, 2.600 ft. b.m. at $72 = 1S7 

Sheathing board, 3,300 sq. ft. , at $75 = 247 

Grotmds, 550 ft. b.m. at $72 = 40 

Door frames, 2 at $7 and 12 at .$ 2 = 38 

Window frames, 4 at $8 and 12 at .$ 4 = SO 

Nails, ISO lb. at $ 0.06 = U 

Total materials for fra m i n g = $1 , 143 


2 


12 

4 


12 
751b. 
651b. 
40 lb. 
ISO lb. 


Labor: Framing. This labor may be estimated per piece or per 1,000 
ft. ban. 

Some estimators estimate per piece and check per 1,000 ft. b.m. 


Basement, 2 posts, square cut and erect 
1 beam, prepare and erect 
1 siR plate 

Joists, first floor, 50 pieces, 2 = 12 by 12 ft. at 0.50 

Second floor, 52 pieces, 2 X 10 by 12 ft. at 0.50 

Ceiling, 46 pieces, 2 X 8 by 12 ft. at 0.45 

Bridging, 132 pieces, or 396 lin. ft. 

Studs, outside wall, 108 pieces, 2X4 by 17 ft, 6 in. at 0.30 
Attic waQ, 38 pieces, 2 X J by 4 ft. 6 in. average at 0.25 
Plates and caps, 2 X d, 216 lin. ft. 

Ribbons, * 1 X 5, lOS lin. ft. 

Fire stops, 2X4 100 H- 
Studs, partitions, basement. 20 pieces 2 X d by S ft. at 0.20 
Caps and plates, 2 X 4, 44 lin. ft. 

First floor, 50 pieces, 2X4 by 8 ft. 6 in. at 0.25 
Caps and plates, 2 X -1, 104 lin. ft. 

Second floor, 112 pieces, 2X4, by S ft. at 0.25 
Plates and caps, 2X4, 111 lin. ft. 

Prafters, 48 piec^, 2X6 by 16 ft. at 0.50 


Labor-hours 
= 3 

= 8 
= 4 

= 25 
= 26 
= 21 
6 

= 32 
= 10 
= 6 
= 4 

= 4 

= 4 

= 1 
= 13 
= 3 

= 28 
= 3 

= 24 


Total 


= 225 


Check bj- 1,000 ft. b.m. method. 
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When commenting on this estimate, it should be noted that different 
estimators would make different allowances for waste and would assume 
different rates of work depending upon their experience and judgment. 

Some estimators would summarize the costs for framing, for rough board- 
ing and sheathing, and for door and window frames separately and then 
obtain totals. 

D. LIGHT WOOD CONSTRUCTION. FINISH WORK 
19. Finish. Work. — ^As stated previously, finish work may be 
divided into exterior and interior finish and these subdivided as 
desired. As indicated by the terms, exterior finish refers to the 
finish carpenter work required on the outside or exterior of the 
building, and interior finish to the finish carpenter work required 
on the inside or interior of the building. The following classi- 
fication will give an idea of the items included. 

Exterior finish: 

Siding and shingling on walls, including building paper. 

Trim, including molding, cornice, corner boards, water 
tables, etc. 

Doors, windows, blinds, and shutters. 

Roofing and flashing. Discussed in Chap. X. 

Steps and stoops. 

Porches, with various details listed such as floor and roof 
framing, sheathing, flooring, ceiling, roofing, columns, and 
various finish details. 

Exterior hardware. 

Interior finish : 

Flooring, including deadening and sanding. 

Trim such as base, chair rail, plate rail, picture mold, beam 
casings, wainscot, panels. 

Stairs, stringers, treads and risers, balusters, rail, newels, 
coves. 

Windows and doors. 

Cabinet and mill work, including cupboards, ironing boards, 
cabinets, china closets, linen closets, medium cabinets, book- 
cases, columns, mantels, breakfast sets, drawers. 

Wooden ceiling. 

Miscellaneous, such as shelving and other items not previously 
listed. 

Interior hardware. 
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Some esumators consider all doors and windows as interior 
trim. However, in This chapter, door and window frames have 
been included with the framing, outside trim of doors and 
windows with exterior hnish, outside doors and windows and 
inside trim with interior finish, and inside doors with interior 
finish. Some estimators place outside door and window trim 
■with exterior finish, and the doors and windows and interior 
trim •with interior finish. 

20. Materials. — ^There are several units of measurement for 
the materials used for finish work. Table S-14 gives many of 
the materials and the units by which they are estimated. 


T-»3m S-14. — o? XIvasuhttw 
E xteaor Sshh. ' Uni: 

Siding l.C€0 f:. ban., 

ICO sq. vz. 

Siiinales. {sidinz} ICO so. ft— 

bnndik 
i.COO pisccS 

Bnilding paper HoiL ICO so. 

, ft. 

Doors and windows Piece 
Trim Side, or se: 

Blinds and siiiixiers. . Piece, or pair 

Trim, vaiions lOO lin. ic. 

Porch.es. framing. . . . l.CcO re. ban. 
Boarding, shearli- 

TTig 1,OCO f:. ban. 

Flooring, ceiling, i 

rooSng ICO sq. r:. 

Tmn. ICO lin. s:. 

Posrs Piece 

Hardware Piece, or pair. 

5 dozen, sei, 

• j Donnd. etc. 

Xails and bolts i Ponnd 


srr JOH ilavEniAXS ?oh Fixiss Wohx 

Interior Snish Unit 

1 

Flooring 1.000 ft. ban., 

I ICO sq. ft. 

Deadening felt ICO sq. ft., roll 

i 

Trim, base, chair ralL | 
base rail moldings, t 

etc ICO lin. ft. 

Panels ICO sq. ft. 

Ceiling 1,000 ft. ban., 

100 sq. ft. 

Windows and doors Piece 
Trim Side, or set 

C^bniecandinfli work, 
varions items Piece 

I 

MLscellaneons Yaiions 

Interior hardware > Fiece, or pair, 

f dozen, set 
pound, etc. 

Nads and bolts Potmd 

f 

1 . 

t. 


Much of the molding is measured and priced by the “molding 
inch.'’-' which is the equivalent of a piece of lumber 1 in. square 
and 1 ft. long. The cross-sectional area is figured on the full 
size of stoekl'rom which the molding is made. For example. 
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a %r by 1%-in. molding would be made from 1- by 2-in. material, 
and a strip 1 ft. long would contain 2 molding inches. Prices 
are often quoted per 100 lin. ft. per molding inch, and vary -with 
different kinds of woods and moldings. Waste in moldings -will 
be end v/aste and may vary from 5 to 10 per cent. 

Wood siding may be drop or novelty siding, or lap or bevel 
siding. Table 8-15 gives approximate materials required. 


Table 8-15. — Amount of Siding pbb 100 So. Ft. op Wall Suhfacb 


Width and type 

1 

Exposure, 

inches 

Lap and 
waste, 
per cent 

■jfflRRRQH 


6-in. lap or bevel 

4.75 

25 

125 

2-3 

6-in. lap or bevel 

4.50 

33 

133 

2-3 

5-in. lap or bevel 

3.75 

40 

140 

2-3 

5-in. lap or bevel 

3.50 

50 

150 

2-3 

4-in. lap or bevel 

2.75 

50 

150 

3-4 

4-m. lap or bevel 

2.50 

60 

160 

3-4 

6-iQ. drop 

5.00 

25 

125 

3“^ 


Diagram 8-9 may be used for estimating cost of siding. 

Shingle siding is composed of special wooden, asbestos, or 
asphalt shingles. These shingles are usually larger than ordi- 
nary shingles, and come packed in bundles or cartons. The 
number in a bundle or carton is sufficient to cover an area of 25, 
333^, or 50 sq. ft. -with the exposure or head lap specified. Head 
or end lap may vary from about 2 to 4 in. and exposure from 
4 or 5 in. up to 12 in., according to the dimensions of the shingle 
siding used. 

Wood siding shingles are usually about 24 in. long and 0.50 in. 
thick at the butts. With a 10-in. exposure, three bundles are 
required per square. Cost per square may vary from S7 to 
$20 (or S2.50 to $7 per bundle). These shingles may be laid on 
wood sheathing, or over old siding. Building paper should be 
placed under them. Nails required will be 3 to 5 lb. per square. 
The amount of waste for ordinary walls will vary from 3 to 
10 per cent. 

Asphalt siding shingles come in various sizes and weights and 
may be in either single or strip form. The head lap may vary 
from 1.5 to 3 in. and exposure from 4 to 10 in. Shingles are 
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packed in bundles or cartons. Usually two, three, or four bundles 
are required per square. Cost per square may vary from §4 to 
§15. Weight of asphalt siding when laid may vary from about 
80 to 300 lb. per square. Asphalt diamond point and imitation 
brick siding, in strips four tabs or four bricks long, come in 
bundles covering about 50 or 333^ sq. ft., respectively. Prices 
per square may range from §3 to §10. Special corner strips 
are required for aU comers. A box of 100 comer strips may 
cost about §-3 or §4. Waste maj- range from 3 to 10 per cent for 
ordinarj' walls. Asphalt shingles are usually laid over a covering 
of building paper. From 3 to 5 lb. of large-headed galvanized 
roofing nails 1 to 1.75 in. long are required per square. These 
nails cost §0.07 to §0.10 per pound. 

Asbestos siding shingles are usually about 24 in. long and 12 
or 16 in. wide. They should be laid over a good building paper 
or a light- or medium-weight roofing felt (15 to 30 Ib. per square). 
The roofing felt comes in roUs of 108, 216, or 432 sq. ft. covering 
1, 2, or 4 squares with a 2-in. lap. From 0.50 to 1.25 lb. of nails 
are required per square for the roofing felt and from 3 to 4 lb. of 
large-headed galvanized roofing nails per square for the shingles. 
Sometimes special bronze nails are used. Cost of asbestos siding 
shingles per square may vary from §6 to §15 per square. 

Ceiling materials vary a little in thickness and width. Ordi- 
nary ceiling is about % in. thick, 33^ in. wide, and is matched 
and beaded. The waste is about 25 per cent, and 20 to 25 lb. 
of is required per 1,000 ft. b.m., or 2 to 3 lb. per square 

of 100 sq. ft. 

For most trim, such as is measured per 100 lin. ft., 5 to 10 per 
cent should be allowed for waste. From 2 to 3 lb. of nails per 
100 lin. ft. will usually be sufficient. 

The materials for flooring are usually estimated per 1,000 
ft. b.m., or per 100 sq. ft. with allowance for waste. Finish 
flooring is usually about thick and of various widths 

from 1.5 to 3.5 in. or more. 

Board feet required for 100 sq. ft. oi floor area for flooring 
1^6 in- thick is based on the assiunption that this thickness is 
considered as 1 in. when measiuing board feet. If considered as 
1.5 or 2 in., then values given must be multiplied by 1.5 or 2, 
respectively. 

Diagram 8-9 may be used for estimating cost of finish flooring. 
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Table S-16. — AiiotrKT of Finish Floohing pee 100 Sq. Ft. of Flooh 

SXJBFACE 


Flooring 

Waste, 
per cent 

1 

i 

i 

Ft. b.m. per 
100 sq. ft. 
floor area 

1 

Kails per 
100 sq. ft. 
floor area 

Width, 

in. 

Thickness, 

in. 

1.5 

^8 

1 

40 

140 

A- 7 

1.5 


40 

140 

6- 8 

2.25 

1 "Me 

35 

135 

5- 7 

3.25 

"Me 

30 

130 

5- 7 

4.25 

"Me 

25 

125 

4r- 6 

5.25 

"Me 

20 

120 

4- 6 

2.25 

IMe 

35 

135 

6- 8 

3.25 

IMe 

1 30 

130 

6- 8 

4.25 

IMe 

25 

125 

7-10 

5.25 

i 

IMe 

20 

120 

7-10 


Take-off . — Perhaps the simplest and best method of taking off 
materials and labor for finish work is to list the items under 
headings and subheadings such as 

Exterior finish. Siding, shingling, trim, doors, tvindotvs, porches 
(framing, flooring, posts, ceiling, roofing, trim, rail, etc.), 
miscellaneous, etc. 

Interior finish: 

Basement. Doors, windows, stairs, shelves, ceiling, etc. 

Eirst floor. Elooring, trim, ceiling, paneling, doors, windows, 
stairs, cabinetw’-ork (mantels, cabinets, cupboards, etc.), 
hardw^are, etc. 

Second floor and other floors. Same as for first floor. 

A good reminder list suitable for the type of structure con- 
sidered should be checked so as to avoid omissions. See Appen- 
dix A for a typical reminder list. The plans and specifications 
must be scrutinized carefully so that no details are omitted. 

Whenever possible, “stock” sizes of materials should be used 
to save time and expense of making “specials.” 

Dimensions, style, kind, catalogue number, quality, and other 
specifications should be noted. 
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For example, doors should be described as to kind of wood, 
style, width, length, thickness, panels, etc. Window sash should 
be described as to sixe, number of lights, kind of glass, etc. Door 
and window frames should have style, quality, and dimensions 
stated. Door and window trim should be described as to wood, 
dimension, style, etc. Stairs should be described in detail as to 
treads, risers, balusters, rails, newels, etc. Cabinetwork should 
be described in detail with sketches. Interior and exterior trim 
should be described according to wood, style, size, etc. 

If desired, interior finish may be ^ven in considerable detail. 
For example, an exterior door with frame and trim may be 
divided into side jambs, head jamb, side casings, head casing, 
sill, drip cap, inside casing, buck band, plinth, door, lock, hinges, 
etc. However, such detail is rarely necessary unless the 
door, for example, is to be fabricated almost entirely on the job. 
Dsually a listing such as exterior door complete will be saris- 
factory, or the listing may be divided into three or four items as 
frame, exterior trim and interior trim, door, and hardware. 

For preliminary and approximate estimates, the various items 
may be priced from catalogues. For exact estimates, all items 
should be listed and prices obtained from the mill or dealer. 2Co 
attempt wiU be made here to give approximate prices for all the 
various items of finished woodwork. 

21. Labor. — ^The labor required for finish work wiU vary con- 
siderably according to skUl, ability, and inclination of carpenter, 
working conditions, kind of wood (hard or sort), etc. Finish 
work with a hard wood may require 20 to 35 per cent more time 
than like work with a soft wood. Consequently, the values 
given in the Tables 8-17 and S-IS are appro.ximate, and should 
be varied according to the conditions of the particular job. 
Diagrams S-5, 8-6, 8-7, and 8-8 may be used for estimating labor 
costs of finish carpenter work. 

!Many estimators consider a door, a window, or a flight of 
stairs as one unit, and estimate labor required for a complete 
unit. Others go into more detail. For example, thet* may 
divide the labor for a door into irame, trim, hanging, and hard- 
ware. and for a flight of staus into stringers, treads and risers, 
nosings, coves, newels, railings, balusters, etc. Such detail is 
usuaUy not necessary except for special work. 
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22. Equipment. — The equipment required for finish Trorh -ivill 
invariably include a fairly complete set of hand tools for each 
carpenter and may include a fev sawhorses and benches^ a small 
portable electric saw, and electric sander. The costs will usually 
be the transportation charges for the carpenters’ Mts and other 
equipment, plus a small charge for horses and bench, and neces- 
sary charges for poirable electric saws and electric sanders, as the 
case may be. The costs of providing the power (lines, snitches, 
meters) should be included. 


Tisrs 8 - 17 . — A7?5. nxTtvT a tt: Li 302 BnatJiHEO ros Exte2io 2 FnasH 


Item 

Unit 

Labor- 

bours 

j Item 

Unit 

Xabnr- 

Ponrs 

Cfiiliiig, matched- . - - - 

/ 1,000 ft. b.m. 

25-40 

Door, exterior, sin^e 


5- 5 


100 aq. ft. 

ii— o 

1 Srame 

Ons 

1- 2 

Sidiag, lap, narrow 

/ 1 , 000 it. b.m. 

20-b0 

! Trim 

Set 

1- 2 

(lap or DevelJ. 

\ 100 sq. ft. 

3- 3 

Hangng door 

OiiS 

1- 2 

Lap, wide (lap or 

/ 1 , 000 it. b.m. 

15— =5 

1 Hardware 

Set 

1- 2 

berel). 

\ 100 sq. ft. 

3- o 

Door, exterior, double 

Complete 

7-12 


f 1,000 in b-m. 

13-4:0 

"Ftp— > g»- 

One 

2- S 


t 100 sq. it. 

2- 5 

' Trim 

Set 

1- 3 

SHa^as (ddiag) on 



' Hanging 

Pair 

2-3 

walli. 


2- S 



2- 3 

Sell ding paper on walls 

100 sq. in 

1— 2 

VMndow, an^e 

Complete 

4- 7 

Comice 


4-20 



1— ^ 

5tcr*"g cotiTie 


R 



1- 2 

Mold 


4- s: 



1- 2 

table 

100 lin. in 

3— 0 





ft 

5 



0- Q 

Sliiids and snuttexs 

Pair 

1- 4 

Prame 

One 

1- 2 

Porcb.e5:* 



Trim 

Set 

1- 2 

Columns 

Path 

1- 2 

Sanging 

4 , 

2- 3 

Sail complete 

IDO"'”’ in 

-0-70 



J- 3 

h^h of *3 , 

Set 

S— 10 

Window, triple 

Complete j 

5-12 




Frame 

One ; 

2- 3 




Trim 

Set ) 

1- 3 




Sandlmg 

5 saeh ^ 

3- 4 




Hardware ’ 

Set 

2- 3 




ScTfctins, doors. . . . . . 

Pach 

5— o 




'^Vindo'srs. * . . . ' 

1 

Patdi 

1 


Por otii-er porch deisilf:, sea ts-Dlss ozi hoorin^ etc. 


Exterior finish worh will usually require the use of some seal- 
folds and ladders. Frequently, the same seanolds that were 
erected for the rough carpenter work may be left in place and 
used for the finish work. Then the cost of seanolds will be part 
of the lumber cost plus the labor of removal. An allowance of 
$135 to $0.75 per 100 sq. ft. of wall surface is usually sumeieni. 
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However, if separate scaffolding must be provided for exterior 
finish, the costs Avili be greater and may range from about §0.80 
to §2.50 per 100 sq. ft. of wall surface. Scaffolding should be 
estimated separately and in detail for large jobs. 


Tjlbls S-IS. — ApPBOxni-iTE Labor Required for Interior Fxstsh 


J 

i 

i 

Itea 1 

i 

i 

: Unit 

1 Labor- 

Item 

Unit 

i Labors 

1 

1 hours 


1 hours 

{ 

i 

f 1. 000 it. b.m. 

1 i 

* 2^0 

1 ^ - 


Complete 

3- 6 

Frame 


t 100 sq. ft. 

j O 

1 One 

1 

P.^n fling and pljTrood 

100 sq. ft. 

i 3-15 

Trim 

5 Set 

1- 2 


/I, GOO ft. b.m. 
I 100 sq. ft. 

! 10-20 

1 

Hanging 

! One 

1 


Hardware 

■ Set 

1 

FIcxjrs, Snished h^rd- 
wcxid, matched 

narrow. 

) 1,000 ft. b.m. 1 
1 100 sq. ft. 

1 25-10 

1 ^ 6 

1 

Door, double 

! Frame ; 

Trim I 

J Complete 
’ One 

set 

4- » 

1- 3 
1- 3 

Wide. 3>* in. and 

/1,000 ft. b.m. ! 

: 20-35 

Hanging j 

' Two 

1- 3 

over. 

1 100 sq. ft. 

3— o 

Hardware | 

; Set 

1- 3 

Floors, finished, soft- 

/ 1,000 ft. b.m. 

16-30 

Opening, framed \ 

Complete 

2- 4 

wood, matched. 

1 100 sq. ft. 

2— 4 

Frame * One 1 

1- 3 

BuHdins paper be- 



Trim , 

Set 

1 1- 3 


100 sq. ft, 

100 sq. ft. 

1- 2 

Stairs, cellar, com- 

10 ft. or 

4- 8 


1- 3 

plete. 

one Story 


Sanding floors, hand. . 

100 sq. it. 

, 2— 4 

Stairs, back, or en- 

12 it. or 

S- 20 


: 100 sq. ft. 

100 sq. ft. 

1- 2 

closed- 

one story 



3— 5 

Stairs, front, open... 

12 ft. or 

20- 60 


100 iin. ft. 

4- 7 

one story j 



t 100 Iin. ft. 

4- 6 

Stairs, front, open, i 

12 ft. or 

40-100 

Plate rail j 

1 100 lin. ft. 

4-10 

and ornate. j 

one storj’ 


Picture mold j 

1 100 Un. ft. 

2- D 

' Mantels j 

One 

3- 10 

Mold, various i 

; 100 lia. ft- 

1- 6 

Installi.ng ready- 

One small 

1- 4 


100 lin. ft. 

4- S 

made medium 1 






1 cabinets, closets. 

One me- 

2- 6 




^ ironing, boards, 

1 broom closets. 

dium 





1 cupboards, china 

i closets, book- 

[ cases, linen clos- 

ets, etc. 

t One large 

i 3- S 

! 

i 


23. Estimates for Finish. Work. — ^Estimates for finish work 
may be prepared by considering all finis h items together and 
estimating the materials, labor, and equipment. Or the esti- 
mates may be prepared by considering the items separately and 
estimating costs of materials, labor, and equipment for each item 
and then totaling. Either way is satisfactory, provided that no 
costs are omitted. 

Some estimators divide the carpenter work into rough work 
and finish work without subdividing the finish work into exterior 
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and interior finish. This procedure is frequently followed on 
small jobs. 

Note that costs of door and window frames were included in 
the previous estimate for rough carpenter work. Frequently, 
the rough carpenter sets all door and window frames, the finish 
carpenter installs outside doors and windows and outside trim 
with other exterior finish, and the finish carpenter does not 
install the inside trim until after the lathing and plastering has 
been completed. The cost of door and window frames were 
included in the estimate for the rough work, and the costs of 
doors and vandows, less frames, will be included with the finish 
work. 

Overhead costs ma^’’ vaiy from about 25 to 55 per cent of the 
labor costs, or from 15 to 35 per cent of the costs of both material 
and labor. Profit maj'- range from about 5 to 15 per cent of all 
other costs. 

24. Illustrative Estimate. — Prepare an appro.\imate estimate for the 
finish work for the simple two-story residence for which an estimate for the 
rough carpenter work was prepared in Art. IS of this chapter. Assume that 
local carpenters’ wages are $1.50 per hour and that no helpers or apprentices 
will be used. The take-off gave the following information. The prices 
given were quoted by a local dealer. 

Exterior finish. Bevel or lap siding, 6 in. wide, 4.5-in. exposure. Total 

area 2,106 sq. ft. 

No deductions for openings. 

Building paper, area 2,106 sq. ft. Price $2 per roll. 

One front door, special, complete with trim and hardware less frame. 

Price $26. 

One rear door, complete with trim and hardware. Price $17. 

Pour double windows, complete with trim and hardware, less frame. 

Price, $14 each. 

Twelve single windows, complete with trim and hardware, less frame. 

Price, $9.50 each. 

Screens, 2 doors, 4 double windows, 12 single windows. 

Cornice on ends, allow 70 lin. ft. 

Cornice on sides, allow 70 lin. ft. 

Water table, 108 lin. ft. 

Interior finish: 

Basement. Basement stairs. 

One door with trim and hardware, less frame. 

First floor. Four inside doors, with trim and hardware, less frame. 

Building paper between rough and finish flooring, area 700 sq. ft. 

Flooring, hardwood by 234 plain, first grade, area 700 sq. ft. 

Base, base mold, and quarter round, length 220 ft. 

Picture mold (crown and picture), length 220 ft. 
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ilantel, living room. 

China closet, dining room. 

Kitchen, ironing-board closet. 

Broom closet. 

Two cupboards or dressers. 

Stairs, open, first to second floor. 

One coat closet. 

Second floor. Eight inside doois with trim and hardware, less frame. 
Deadening felt between rough and finish floors, area 700 so. ft. 
Flooring, hardwood. by 2H plain, first grade, area 700 sq. ft. 
Base, base mold, and quarter round, length 300 ft. 

Picture mold, single, length 300 ft. 

Bath room, medicine cabinet, and towel cabinet. 

Linen closet, complete with door, drawers, and shelves. 

Three clothes closets, poles and shelves. 

Stairs, second floor to attic, enclosed. 

The nnisb materials and labor may be estimated and tabulated as follows. 
Xails are included with material estimates. Labor required for cabinetwork, 
doors, windows, and screens is for fitting and installing. 


MiTZBiAL axn Labor Esthiatzs 


! 

Item and description i 

i 

Material j 
cost j 

1 Labor- 
; hours 

1 

I Labor 

1 cost 

Siding: ® 

Building paper, 2,100 sq. ft. at §2 per roll of j 
216 sq. ft , 

i 

r 

$ 20 s 

25 

! 

t 

$ 3S 

Bevel siding 6 in., 4.5 in. exposed, 2,100 sq. ft. 
at $90 per 1,000 ft. ban. Allow 33 % for lap ^ 
and waste, plus nails t 

! 

255 

105 

57 

Other exterior trim: S 

Comice on sides, 70 lin. ft. at $36 per 100, ' 
10% waste j 

30 J 

6 

! 9 

Comice on ends, 70 lin. ft. at $26 per 100, j 
10% waste i 

21 

1 

1 

6 ? 

9 

Water table, lOS lin. ft. at $19 per 100, | 
10% waste 

16 

6 i 

9 

Doors and windo'R's with, trim and hardwaxe, less | 
frame: j 

Outside doors, front | 

26 i 

5 

7 


17 i 

5 ( 

7 

Inside doors, basement (1) j 

s i 

3 ; 

5 

First floor (4) 

36 

20 ' 

30 

Second floor (S) 

64 ! 

34 

51 

Double windows (4) ! 

4S 

30 

45 


92 

60 

90 

Subtotal, carried forward [ 

' 1 

$631 i 

305 J $457 
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STRUCTURAL STEEL 

1. Estimating of Structural Steel. — The correct estimating of 
structural steel is a comparatively complex and detailed problem. 
The form and manner in which the estimate is made will depend 
on the work that is to be done by the estimator’s company. 
For example, fabricating estimates will vaiy considerably in 
detail from construction or erection estimates. As this text is 
intended more for the use of the general contractor, this chapter 
■will consider only the work done by the general constructor or 
builder, i.e., by assuming that the contractor buys the steel 
already fabricated and erects the steel ■with his own construction 
gang. However, in some instances, the providing of the steel, 
the fabrication, and also the erection is sublet to a steel company 
that specializes in this type of work. On other jobs, the general 
contractor may purchase the steel ready fabricated and sublet 
the erection to another company. The estimate should be 
dmded into the five general headings of material, labor, equip- 
ment, overhead, and profit. 

The materials estimate should include all quantities required 
and all costs of the materials delivered either at the job or at the 
nearest and most convenient railway siding or dock. The cost of 
material delivered at the job is recommended, even if the con- 
tractor pro^vides the handling and trucking between railway siding 
and job. The materials costs may include: 

Mill costs, including base prices and various extras. 

Transportation costs from mill to fabrication shops. 

Fabrication costs, including shop drawings and details, han- 
dling, fabrication, painting, inspection, and overhead. For some 
jobs, the fabrication costs may equal the mill costs of the 
materials. 

Transportation costs from fabrication shop to most convenient 
railway siding or dock. 

Ti’ansportation costs from railway siding or dock to job, includ- 
ing handling from railway car to truck, trucking to job, and 
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unloading from truck. Some estimators prefer to include these 
costs with the erection costs, especially if the general contractor 
fiu’nishes the labor, trucks, and handling equipment. 

The labor estimate should include all labor costs of erectins 
the steel at the site. Items included may be labor required for: 

Hoisting the steel in place and temporarily fastening with bolts. 
(The labor required for erecting, operating, mo\-ing or resetting, 
and taking dotrn of hoists and derricks is usually included here.) 

Plumbing the structure. 

Riveting, welding, or bolting as specified. 

Painting after erection. 

The equipment estimate should include aU equipment costs 
such as rentals, depreciation, maintenance and repairs, power and 
fuel, and transportation to and from the job. If not included 
vith the labor estimate, the labor for erection, mo\'ing or reset- 
ting, takedown, and operation should be included also. 

The overhead expenses may be based on labor alone, on the 
sum of material and labor costs, or part may be based on labor 
and part on materials if the overhead costs may be readily 
divided between these two items. On structural-steel jobs, 
the overhead expenses are high and may vary considerably. 
Compensation insurance, inspection and general supervision, 
and preparation of drawings (if needed) are important items. 
Overhead expenses may range from 40 to 100 per cent of the 
labor costs. 

The profit is based on the sum of all other costs and may range 
from 5 to 25 per cent, depending upon the hazards and uncer- 
tainties related to the particular job, the competition expected, 
what the contractor thinks is fair, and also what the contractor 
thinks he can get. 

2. The Take-ofi or List of Materials. — ^When preparing a list 
of materials, the plans and specifications should be studied so 
that the estimator will have a general understanding of the 
requirements of the job. Then the take-off is carefully prepared, 
all the materials being listed in a logical order or sequence. This 
order may vary with different- types of structures and with 
different estimators. Usually it is not necessary to make an 
erection estimate as detailed as a fabrication estimate. All 
mm'n items should be listed separately, but smaller items such as 
beam fastenings, bolts, rivets, and minor details may be approxi- 
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Roof covering. Corrugated steel or other roofing. 

Sk%-lights including sash and glazing. 

Ventilators. 

iliscellaneous. 

bteel frame omce (multistoried) buildings. These are usuallv estimated by 
the fioor. 

Basement. Column bases and caps. 

Columns and details. 

Girders and beams and details, 
iletal lumber, if included in contract. 

Bracing, if any. 

Steel flooring, if any. 
iliscellaneous. . 

First and other floors. 

Columns and column details. 

Girders and beams and details, 
lintels. 

Metal lumber. 

Bracing. 

iliscellaneous. 

Roof. Columns and column details. 

Girders and beams and details. 

Purlin s . 

Metal lumber. 

Bracing. 

Roof covering, if of steeL 
Miscellaneous. 

Exterior finish All items of steel such as comice and cove. 

Steel sash and glazing. 

Siding. 

Miscellaneous. 

Large girders. Each girder estimated in same marmer as for a bridge 
girder. 

Building trusses. Each truss estimated in same manner as for a bridge 
truss. 

Some estimators when estimating steel-frame buildings prefer 
to take on the material in the following order: 

Columns including main items, plates, caps, and connections. 

Floor beams and girders including details. 

Bracing, such as vrind bracing. 

Girders, as for a bridge girder. 

Trusses, as for a bridge truss. 

Metal lumber, joists, and studs. 

Roofing materials. 

Steel sash and glazing. 

Miscellaneous items. 
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After completing the take-off in a manner similar to that 
described, many estimators group all the materials for conveni- 
ence in pricing somewhat as follows: 

Structural shapes. Grouped according to shape (I beams, 
H beams, channels, angles, T’s, Z’s) with subdivisions according 
to standard or special sizes and subgroups according to large, 
medium, and small sizes or weight. The grouping into large, 
medium, and small sizes -will vary with the different estimators. 
For example, I beams 6 in. or less in depth may be called small, 
those 6 to 15 in. called medium, and those over 15 in. in depth 
called large. The “base” size or weight may be called the 
median size. 

Bars and rods. According to .size and shape. 

Flats. According to size and thickness. 

Plates. According to size and thickness, specials being noted. 
Connections. According to kind, etc. 

Rivets, bolts, small details, etc., often as a percentage of the 
weights of other materials. 

Corrugated steel. Finish, gage, and length noted. 

Steel sash. Details noted. 

Miscellaneous items. 

For an illustration of a take-off, see the illustrative estimate 
at the end of this chapter. 

3. Materials. Structural Steel . — After the take-off has been 
completed, the unit weights of the various items should be noted 
opposite the corresponding items. Then the total weights of 
each of the items should be computed. Sometimes the weight 
computations are made at the same time the materials are listed. 
Structural-steel handbooks should be consulted for dimensions 
and unit weights of structural-steel shapes and of other steel 
materials. The total estimated weight, as computed by the 
estimator, should agree within 3 per cent of the actual shipping 
weight of the fabricated steel. Hence, it is advisable for the 
estimator to slightly overestimate the weights in the take-off so 
as to allow for small overruns and omissions. 

As structural steel is priced per 100 lb. (or pounds or ton), 
the weights of the various items must be found. These weights 
should be based on 

Rectangular dimensions for all plates. 

Over-all lengths of all structural shapes. 
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Xo allowances for clipping, milling, punching, or boring. 
Allowances for ovemm calculated according to the percentage 
of overrun permitted by the A.S.T.il. standards. 

Shop rivets may be estimated as follows: 


Diameter, 

Inches 


Vi 

o' 
y a 

y -i 
7 ^ 


Weight per 100 
Rivets, Pounds 
20 
30 
50 
100 
125 


Field rivets should be estimated at actual weights, with 10 per 
cent allowed for waste. About 20 to 30 field rivets will be needed 
for each ton of steel, and more may be required in special cases. 

Field bolts should be estimated at actual weights, with 5 per 
cent allowed for waste. For temporary bolting, about 3 to 10 
bolts will be required for each ton of steel. 

Paint will increase the weight of structural steel about 8 or 
10 lb. per ton per coat. 

Details may be appro.ximately estimated as follows: 


T.^£le 9-1. — .■VpPEOXiM.iTE Weights of Det.vils 


Shape 

Rivets, 

, per cent 

1 Details, 

[ per cent 

Columns 

' 3-4 

10-15 

Beams 

1-2 i 

5-20 

Built-up girders 

' 5-6 ! 

10-12 

Roof trusses 

; 3-4 ! 

; 15-20 


Beam details varj' considerably. The weights of standard 
connections may be found in structural-steel handbooks. Some 
estimators allow about 4 per cent of the weights of all members 
for rivets, and about 20 per cent of the weights of main membeis 
for details. 

The weight of steel for the steel frame only of a mill building, 
one story high (15 to 25 ft. to bottom chord of truss), with no 
crane runways, may vary from about 10 to 15 lb. of steel per 
square foot of floor area. If crane runways are pro^dded, the^ 
weight of steel frame may vary from about 12 to 20 lb. of steel 
per square foot of floor area. The weight of crane runways will 
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depend upon the size or capacity of the crane and the crane span. 
The Aveight of crane runway may vaiy from about 150 lb. per 
lineal foot for a 10-ton crane with a 40-ft. span to about 400 lb. 
per lineal foot for a 30-ton crane with an 80-ft. span. Note that 
2 lin. ft. of crane runways are required for each lineal foot of 
crane travel. Weights of steel frames for buildings several 
stories high may vary from about 2 to 4 lb. per cubic foot of 
building. 

Structural steel is usually priced and sold by the hundredweight 
(100 lb.). The price quoted is usually that f.o.b. the mill. In 
addition to the base price per 100 lb., there are several extras 
which may be added. The base price usually applies to certain 
standard sizes. Extras are charged for such things as the 
following: 

Sizes and sections other than standard. The extras may vary 
from $0.05 to S0.30 per 100 lb. 

Quantity extras for shipments less than 6,000 lb. These 
extras may range from $0.25 to $1.25 per 100 lb. for smaller 
shipments. 

Length extras for pieces less than 8 ft. or greater than 80 ft. 
These extras may vary from $0.10 to $1.55 per 100 lb. 

Special cutting and milling extras, usually about $0.10 per 
100 lb. 

Cambering extras. About $2 per net ton, Avith a minimum of 
$2.50 per piece. 

Quality, specification, and testing extras. A.S.T.M. Standard 
for Carbon Structural Steels is base. Extras for other specifica- 
tions and standards may range from $0.10 to $3 per 100 lb. 
Physical-test extras are usually $0.10 per 100 lb. Chemical- 
test extras may range from nothing to $0.25 or so per 100 lb. 

The reader is referred to up-to-date price lists of the steel 
companies for correct charges for extras. 

The extras may increase the price so that the price paid (includ- 
ing extras) may range from base price to base plus 8 to 30 per cent. 

Overrun or overweight caused by permissible variations in 
dimensions and weight may increase the costs up to about 5 per 
cent. 

For general estimates on structural steel, the total weight may 
be computed and the mill price for each kind of material taken 
at about base plus 10 per cent. 
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Whenever poi^ibie, the material list (or plans and specifica- 
tions) should be referred to the mill and the correct mill prices 
obtained. 

Fabrication costs will varj* according to the amount of shop- 
work done on the steel. These costs are usually quoted per ton 
and var>' considerably. Shop painting (one coat) is usual!}- 
estimated at SI per ton. General handling charge is about .$1 per 
ton. Inspection may cost .$1 to $2 per ton. Overhead in a 
shop may vary from 50 to 100 per cent of aU labor costs. The 
cost of making drawings, detailing, and checking may range from 
Si to So per ton. S2 to S4 being the average. Approximate 
fabrication costs, including handling, drawings, fabricating, and 
overhead are given in Table 9-2. 

T.i3L2 9-2. — Api’aox;m.s.Ti: Costs of Steel F-vsbication: 


Descriphou 


j Cost per I 
! ton I 


Cost per 
100 lb. 


Foundations, anchor bolts, gritlage beams 

Steel columns and struts, I and H sections 

Built-up sections 

Beams, I, H, and channels, punched and framed 

Plate riveted on flange 

Built-up girders 

Riveted trusses 

Miscellaneous framing, angle braces, and girts... 

Sk 3 'ligQt and dormer frames 

Floor plates 

Knee braces 


‘ .$12-S20 ( 
12- 16 I 
25- 40 I 

&- 10 I 
12- 20 i 

• 20- 40 i 
25- 50 i 
i 6— 15 I 
■ 30- 60 
I 10-15 


! 


30- 40 I 


50.60-$l.{X) 
0.60- O.SO 
1.25- 2.00 
0.30- 0.50 
0.60- 1.00 
1 . 00 - 2.00 
1.25- 0.50 
0.30— 0.75 
1.50- 3.00 
0.50- 0.75 
1.50- 2.00 


These costs ^sdll vao" considerably according to the job require- 
ments and labor wages. Hence, the estimator should secure the 
fabricatoris figures whenever possible. 

Transportation costs from mill to fabricator and to a con- 
venient railway siding and dock will depend upon the freight 
rates in force between the places considered. These rates will 
vary according to classification and also from time to time. The 
estimator should consult with transportation agents and the 
mill or fabricator so as to obtain the best freight classification and 
rate. Carload lots should be shipped whenever practical. 

In summing up, the cost oi structural steel f.o.b. at convenient 
siding may be roughly as follows: 
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Item Cost per 100 Lb. 

Base plus extras About $2.00-$3.50 

Fabrication About 1.00- 2.50 

Freight About 0.25- 1.00 

Giving a total About §3.50 to §7 

Corrugated Steel . — Corrugated sheet steel may be used for 
exterior surfaces as siding and roofing. This material is availahle 
in regular open-hearth or rust-resisting (copper alloy) steels and 
in black (unpainted mill), painted, and galvanized fini shes. 
Standard widths are 26 in. for siding and 27.5 in. for roofing. 
Corrugations are usually 2^3 or 3 in. in width. The 26-in. width 
siding sheet has both edges turned the same way, ^ving a 
net width of 24 in. when lapped 2 in. or about one corrugation. 
The 27.5-in. width roofing sheet has one edge turned up and the 
other dovm, giving a net width of 24 in. when lapped 3.5 in. or 
about 1.5 corrugations. Standard lengths are 5 to 12 ft., vith 
1-ft. variations. End lap for roofing sheets should be 6 or 8 m. 
and for siding sheets 4 or 6 in. Sheet-steel flashing should be 
provided at roof ridges, eaves, windows, and wherever necessary 
to ensure watertight results. 

The approximate gross area of sheets may be foimd as follows: 

Roofing (27.5-in.) sheets = net area + end laps -r 15 per cent for 3.5-in. 

side laps 

Siding (26-in.) Tvidth = net area -p end laps -f 10 per cent for 2-in. 

side laps 

Roughly, an allowance of about 15 per cent is required for end 
and side laps for siding and about 22 per cent for roofing. 

Table 9-3 gives the gage, gage thickness, weights per square 
foot, and maximum span between supports for corrugated siding 
and roofing ha%dng 2^^- or 3-in. corrugations. 

The 27.5-in. material weighs about 1.25 per cent more per 
square foot of surface covered than the 26-in. width. 

Painted black sheets weigh about 0.015 lb. per square foot 
more than the unpainted black sheets. 

Table 9-4 gives approximate weights of corrugated steel 
required per square, based on an allowance of 15 per cent for the 
26-in. siding and 22 per cent for the 27.5-in. roofing. 

The painted black sheets will weigh about 1.5 to 2 lb. more per 
square than the unpainted black sheets. 
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Approsunate prices at the present time (1946) for corrugated 
roofing material per 100 lb. delivered at the job are §4 to §6 for 


TiBLz: 9-3. — Gagz. Thich^tsss, TVhights, axd ilisaimi SpA 2 rs o? 
CoH2rGArEa)-sT33i. SrontG axd Roofing, tvtth 2%- oh 3-i.n. 

CoHHCGATIOXS 


u. s. 

E 

1 

Taick- ; 

25-iii. 

siieets. 

sq. 

siding 

Ib. per 

1 27.5-m. 

t 

£I16^£, 

sq. 

roofing 

lb. ner 
■ 

JIaximuin span 
between 
supports 

^cS3. 171. 

t 

GA-a- ; 
nized 

i 

Black 

. 

Galva- 1 

nized : 

1 

Black 

[ 

Siding 1 Roofing 

i 


; 

s 

S 



1 

[ 

1 

Ft. In. 1 Ft. In. 

16 

0.061 ^ 

2.S6 J 

2.69 

2.90 

2.73 

5 10 , 5 9 

18 

0.049 i 

2.32 

2.15 

2.35 1 

2. IS 

5 10 1 5 9 

20 

0.037 i 

1.7S ' 

1.65 

i.si 1 

1.64 

5 10 ! 5 9 

22 

0.031 1 

1.51 f 

1.35 

1.53 ; 

1.36 i 

5 10 1 4 9 

OA 

0.024 

1.25 ‘ 

1.08 

1.26 i 

1.09 ' 

4 10 1 3 9 

26 

O.OIS 1 

0.93 i 

O.Sl 

0.99 ( 

0.S2 

3 10 2 9 

27 

0.0165 i 

0.91 f 

0.74 

0.92 j 

0.75 f 

3 10 , 2 9 

28 

0.015 [• 


0.67 

0.S5 ! 

0.68 [ 

3 10 ! 2 9 

29 

0.0135 

1 

0.77 [ 

— 

0.7S t 

i 

1 

, 

3 10 1 2 6 


Tabxh 9-4. — Apphoxthath Whigexs of Cohhvgaxhi>-5xesi. Siding and 
Roofing Rzquihhd phh Sqvahh 


U.S. 

: 26-in. 

siding 

27.5-m. 

roonng 

gage 

1 Galvanized I 

Black 

Galvanized 

Black 

16 

1 339 I 

310 

354 1 

333 

IS 

> 267 

248 

287 [ 

266 

20 

[ 205 i 

1S7 

221 ' 

200 

22 

174 [ 

155 

1S7 f 

166 

2= 

' 144 [ 

124 

154 [ 

133 

26 

S 113 

93 

121 E 

100 

27 

1 105 i 

So 

112 1 

92 

28 

1 97 [ 

77 

104 1 

S3 

29 

1 S9 5 

. 

95 1 



black (mill) finish and about -55 to -$/ for galvanized. Base price.s 
per 100 lb. at the miE are about 53 for black finish and -5-3.50 for 
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fra mi ng details. Small trusses and buih-up frames r^ill average 
from 350 to 450 sq. ft. per ton. Suitable paint ma}* co.-t .$1.50 
to $3.50 per gallon. See Chap. XV on Painting, Papering, and 
Glazing for information on painting stntetural steel. 

4. Labor. — The labor required on a structural-steel job vdll 
depend upon the vages and skill of the 'vvorkers, upon the 
ability of the foreman, and upon the labor-saving equipment 
used, as vreD as upon the kind of job, e.vactness of fabrication of 
the materials, veather, and tvorking conditions. 

The labor for erecting structural-steel framing may include 
tmo or more of the follotving: 

1. Labor of handling steel at railvca:!* siding and at site. 

2. Labor of erecting, moving, and tal-ang dovm of hoists and 
derricks. 

3. Labor of erection, including plumbing and temporary 
bolting. 

4. Labor of riveting, bolting, or velding. 

5. Labor of painting. 

6. Labor of installing corrugated siding and roonng, metal 
sash, and miscellaneous items. 

The labor for unloading rail vat* cars or trucks may be organized 
into gangs of two, three, or four men as convenient. 

Steel erection is usuaUj* done by a gang of skilled men tv orking 
under a foreman. A convenient steel-erection gang may con- 
sist of 1 foreman, 1 derrick or hoist operator, 1 agnal man, 1 
boom man, 2 ground men for loading derrick, and 2 sky men for 
connecting up (bolting). 

Pdveting and welding may be done by one or more small gangs 
of about four men each. 

Painting may be done by a gang of painters starting at the 
top of the structure and working down. One or more ground 
men or helpers may be needed to assist the painters. 

Corrugated siding and roofing, steel sash, and miscellaneous 
items may be installed by men working in one or more small 
gangs of two to four men each. If the material must be hoist.ed 
or raised more than about two stories, extra men and equipment 
may be needed. 

Steel lumber is not usually installed by structural-steel workers 
and may be installed by other metalworkers or carpenters. 
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Steel sash is usually not installed bj’- the stmctural-sreel gano- 
but may be installed by other steelworkers, such as a special crew 
provided by the sash manufacturer or dealer. 

Ornamental steel of various kinds is usually not installed by the 
structural-steel gang, but may be installed by other steel and 
iron workers, tinsmiths, or special workers provided by the 
manufacturers or dealers. 

At the railroad siding, the material may be unloaded on the 
ground and then on trucks or it may be unloaded directly from 
the cars to the trucks. Small pieces ma}’’ be handled by men 
without a hoist or derrick. IMedium-weight pieces may be 
handled by a gin pole, shear legs, or a hand or power derrick. 
A derrick may be required for the heavier pieces. Sometimes 
the railroad company has a derrick available, but usually the 
contractor has to supply it. A small movable crane mounted 
on caterpillar treads and powered by a gasoline engine is a good 
piece of equipment for this type of work. After the material is 
trucked to the site, it is unloaded by hand, pole derrick (hand 
operated), or by power crane or derrick as the ease may be. A 
small movable gasoline crane is suitable here also. 

The contractor must estimate the sizes and weights of the 
structural members in advance and have suitable gangs and 
eqtupment to handle it. Columns usually come fabricated in 
two-story lengths (20 to 30 ft. long). Btult-up beams and 
girders are entirely assembled before shipping. Light trusses of 
short spans may be entirely assembled. Longer trusses may be 
assembled in two or three parts so that their erection may be 
simplified on the job. Heavy trusses often have to be a l most 
entirely assembled on the job. 

Before prepaiing approximate estimates of the labor required 
for erection in labor-hours per ton of steel, the general method 
or plan of erection for the particular structure should be con- 
sidered, as well as the various sizes and weights of the various 
structural members and the equipment to be used. 

If the structure is a mill bxiilding of a story in height with roof 
trusses, it may be erected with the aid of a gin pole or a small 
gasoline crawler crane. The columns are erected first and 
plumbed and braced. The trusses are assembled on the ground 
and then raised in position and sectued. Tnisses may be shipped 
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in one, two, or three pieces according to size. After the trusses 
are in place, the purlins and horizontal bracing are installed. 
After all parts of the structure are plumbed and bolted, the 
required riveting or welding may be done. Painting comes next. 
After painting, the corrugated siding and roofing, steel sash, sky- 
lights, ventilators, etc., may be installed, glazing done, and other 
painting done as required. 

Table 9-5. — Approximate Labor-hours Required for Equipment 


Kind of Work Labor-hours 

Gin pole, large, unload and erect 40— 60 

Move horizontally 20- 35 

Take down and load 12- 25 

Gin pole, small, unload and erect 20- 40 

Move horizontally 10- 20 

Take down and load 8- 15 

Guy derrick, large, unload and erect 50-110 

Move horizontally 15-30 

Move vertically (2 floors) 20- 50 

Take down and load 20- 60 

Stiffleg derrick, large (25-ton), unload and erect .... 180-320 

Take down and load 100-170 

Stiffleg derrick, medium (10-ton), unload and erect . 80-150 

Take down and load 40- 70 

Derrick, small (5-ton), unload and erect 20- 40 

Take down and load 10- 20 

Breast derrick, small, unload and erect 8-12 

Move horizontally 2— 4 

Move vertically (2 floors) 3— 5 

Take down and load 3— 5 

Air compressor, large, steam power, install 30— 50 

Remove 30- 50 

Air compressor, medium, electric or gas or oil, install. 10- 20 

Remove 10- 20 

Air compressor, small portable, electric or gas power. 

Install 2- 5 

Remove 2- 5 


If the structure is several stories high, as an oflB.ce building, 
the columns are erected and plumbed, and then the beams and 
girders are bolted in place. As the columns are usually two 
stories in length, the framing for two stories- is erected and then 
the derrick or hoist is placed on the last floor and the framing 
for the next two stories erected. This process is repeated until 
the framing is completed. The derrick frame should be long 
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enough so that the derrick moves will be kept at a minimum. 
After the frame has been erected, it is plumbed by means of 
cross bracing of wire rope with ttumbuckles and additional bolts 
promded to hold the frame in place. Some erectors are careful 
to keep the frame plumb as it is erected so that but little final 
plumbing is required. Other erectors plumb the frame every 


Table 9-6. — .-Lpphoxiiiate Labob-houbs Requibed fob H-vn-dllsg axb 
Ebectxsg Stecctchal Steel 


Labor-hours 


per Ton 

Kind of tVork of Steel 

Han dling, such as unloading from rad'sray car to truck and from 

truck to ground, with aid of derrick or crane when needed . . 1—2 

(average) (1.3-1. 5) 

Erection labor: 

Foundation work 5- S 

Columns and struts 6-10 

Beams and channels, ordinary rk- S 

Beams and channels, special 6-12 

Plate girdeis 6-12 

Crane rails 6-12 

Knee braces 10—16 

Floor plates S-12 

Fittings, bolts, rods, anchor plates -1—6 

Girts, angles, angle braces, purlins 6-11 

Skylight frames and curbs 10-16 

Monitor frames 10-lS 

Dormers 10—16 

Door frames 12—20 

Riveted trusses S-16 

Transmission towers 25-40 

. Light steel trestles 16-30 . 

Steel framing, as for power or heating plant 14-22 

Steel min building (with roof trusses, roofing, and siding) . . . 7—15 

Steel-frame multistoiied building (as ofiSce b uildin gs) 6—12 


few stories, so that riveting or welding may be started before the 
entire frame is erected. Special equipment and extra men may 
be required for erecting extra-heat'y or large pieces like girders 
or trusses. After erection, all connections are riveted, bolted, or 
welded as the case may be. The steel frame is usually painted 
after the riveting or welding is completed, the painters working 
from the top down. The derrick may be removed after the 
frame is erected, after the riveting is completed, or after paint- 
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Table 9-7. — Abbuoximate Labou-houks Requiked kou Boltinx;, Riveting, 

AND Otheh Wohk 

Kind of Work Lahor-iioiirs 

Teiuponirj- bolting (3 to 10 bolts per ton of 

steel) 

Riveting, air driven (20 to -10 rivet.s per ton of 
steel); 


Riveting, hand driven: 

Easy work 

Difficult work 

Painting structural steel, one coat: 

Heavy-weight members 

iSIedium-wcight members 

Light-weight members 

Corrugated-steel siding and roofing, on wood: 


Corrugated-steel siding and roofing on metal 
frame: 


Steel lumber: 


5 


■ 7 

per 100 bolts 

G 

. 

•10 

per 100 rivets 

7 

- 

■12 

per 100 rivets 

10 

- 

■15 

per 100 rivets 

10 

- 

■13 

per 100 rivets 

M 

- 

■20 

per 100 rivets 

12 

_ 

■IG 

per 100 rivets 

IG 

- 

■25 

per 100 rivets 

0. 

5 

- 0. 

.9 per ton 

0. 

7 

- 1. 

.4 per ton 

1 . 

0 

_ 2. 

.0 per ton 

0. 

5 

- 1, 

. 5 per square 

1, 

0 

_ 2. 

,0 per square 

1, 

,0 

- 3 

. 0 per square 

1, 

, 5 

- 4, 

.0 per square 

3. 

.0 

- G 

.0 per square 

2 


- 4 

per square 

2 


- G 

per 100 lin. ft. 

0. 

,15— 0 . 

.30 per each 

15 


-25 

per 100 lin. ft. 

0, 

.25- 0 

. 50 per each 

20 


-40 

per 100 lin. ft- 

0. 

.G- 0 

. 15 per each 

S 


-16 

per 100 lin. ft- 

0. 

12 

1- 0. 

25 per each 

12 


-20 

per 100 lin. ft. 

3 


- 6 

per 100 lin. ft 

3 


-12 

per 100 sq. ft- 




of opening area 

2 


— 5 

per 100 lin. ft. 




of joints 

5 


-16 

per 100 sq. ft. 
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ing. Sometimes it is advisable to leave the derrick in place 
after erection for hoisting other materials, but it is usually 
removed after the framing is completed. 

The trusses for s mall truss bridges may come assembled or 
may be assembled on the ground and then raised in position by 
a crane or derrick. Then the cross bracing, portals, and floor 
system are installed and riveted or otherwise secured in place. 
Painting follows. 

The trusses for medium-size truss bridges may be assembled 
on the ground and then raised in position by one or two derricks; 
they may be partly assembled on the ground, the parts raised in 
position, and then bolted; or the trusses may be assembled in 
position by means of false work and small derricks and cranes. 
After the trusses are erected, the floor system, bracing, portals, 
etc., are installed. Fainting follows. 

Large trussed bridges may be erected piece by piece on false- 
work by the aid of traveling or movable cranes or derricks; or 
they may be erected by the cantilever method, the frame being 
designed to support its own weight and that of the derrick, as 
erection progresses. The main bracing is usually erected with 
the trusses. Floor systems and other details are placed later. 

The approximate amounts of labor required for various items 
of work connected with the erection of structural-steel work are 
given in Tables 9-5, 9-6, and 9-7. As there are many v^ariables 
that may affect the labor-hours required, the tabular values are 
to be considered as approximate only. It is assumed that the 
laborers are skilled in their work and are organized in suitable 
gan^ under the direction of competent foremen. 

Equipment labor will vary with type of power units (boiler 
and steam en^ne, gas or oil engine, electric motor, etc.). 

The following diagrams may be used for estimating labor 
costs: Diagrams 9-1 and 9-2 (pages 605 and 606) for equip- 
ment; Diagrams 9-3, 9-4, 9-5, and 9-6 (pages 607, 608, 609, 
and 610) for handling, erecting, riveting, and painting struc- 
tural steel; and Diagram 9-7 (page 611) for applying corrugated 
steel. 

5. Equipment. — The equipment used on a structmal-steel job 
will varv with the kind of structure, size of job, and the equipment 
the contractor has available and t hinks is smtable for the particu- 
lar work. The equipment may include : 
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For unloading and transporting steel from railway siding to site: 

One or two gin poles, derricks or cranes, either hand or power 
operated. 

Dollies and other small tools. 

Autotrucks and auto trailers. 

Special trucks and trailers may be needed for extra large or 
heavy pieces. 

For erection of steel : 

Derrick or crane, preferably power operated. May be of any 
kind (gin pole, guy, stiffleg, breast, or tractor type) and 
capacity suitable for the job. 

Power unit for derrick, steam engine and boiler, electric motor, 
or gasoline or oil engine. 

Fuel and oil for power unit (coal, water, gasoline, oil, electricity). 
Winches. 

Blocks. 

Wire and manila rope. 

Bolts, turnbuckles, drift pins, and various small tools. 

Small portable building for office and tool house. 

For riveting: 

Rivets. 

Riveting tools, air hammers, etc. 

Air piping and hose. 

Hand lines and hand hoist. 

Forge and tools. 

Scaffolds. 

Air compressor with power unit (steam, gasoline, or electric;. 
Fuel for forges and for compressor operation. 

For welding: 

Welding metal. 

Welding machines. 

Welding tools. 

Scaffolds. 

Hand lines and hand hoists. 

Gas for welding. 

Electricity for welding. 
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For painting; 

Paint. 

Brushes, pails, and other painters’ tools. 

Ladders, rope slings, small scaffolds, boatswain’s chairs. 

Hand lines. 

Approximately 1 ton of coal or 200 gal. of fuel oil or gasoline 
will be required for erecting 30 to 50 tons of steel. 

About 1 ton of coal or 200 gal. of fuel oil or gasoline wih be 
required for the compressor for every 400 to 600 field rivets. 

The various types of cranes and derricks that may be used for 
structiiral-steei work include: 

Locomotive cranes on tracks, 40- to 105-ft. boom. 

Tractor or crawler cranes, 20- to 50-ft. booms. 

Stiffleg derricks, varying length of booms and capacities. 

Guy derricks, guyed at top of mast. 

Breast derricks. 

Jinniwink, A frame, one stiffleg, and boom. 

Gin pole, single pole guyed at top. 

A frame, guyed at top. 

Hoists and block and tackle. 

The cranes and derricks of the larger capacities are invariably 
power operated. The ones of smaller capacities (say 5 tons or 
less) may be either hand or power operated. Each type has its 
own advantages and disadvantages in construction use. 

On many jobs, an estimate of the cost of equipment per ton of 
steel is satisfactory. On other jobs, the estimator may need to 
estimate the costs of each large or important piece of equipment 
separately'. To find the equipment costs per ton of steel, the 
total cost of all equipment used on the job is first estimated and 
then this total cost is divided by the munber of tons of steel in 
the job. 

For approximate estimates of the cost of equipment used in 
structural-steel work, the following values may be used. It is 
thought that these ranges of values will be fairly representative 
of the equipment costs per ton for most of the ordinary structural- 
steel jobs. The lower values may be expected on simple and 
easy jobs where the tonnage is large and the individual prices 
are easy to handle. The higher values may be expected on the 
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more difficult jobs, -when the tonnage is small, and -when the 
individual prices are not easy to handle. 

Table 9-S. — Abpboxlmate Ecjuip.me.\-t Cosi^ peb Tok of SxarcruBAL 

Steel 

Handling and transponing from railway' =iding to cite 
Each crane or derrick, hand operated 

= 50.10 to 50.20 per ton of steel handled 
Power operated = 50. 15 to 50.30 per ton of steel handled 

(Power-operated cranes and derricks are fasterand usually save labor costsj 
Transportation in autotruck.-, per ton of steel hauled 

= 51 .50 -f- 50. 15 X miles hauled 

(j.c., the truck cost is 51-50 per ton for time of loading and unloading 
plus 50.15 for each ton mile) 

Or for the average job = 51 .05 to 53.00 per ton of .steel handled 
Erection : 

Crane or derrick including power 

= 52.00 to 510.00 per ton of steel 
All other tooL and equipment = 50.30 to 51-00 per ton of steel 
Kiveting: 

Compressor, SO to 510 per 100 field rivets, or 

51.00 to 52.00 per ton of steel 
Other tools, 51 to 54 per 100 field rivets, or 

50.30 to 51-10 per ton of steel 

Welding: 

Electric welders = -51.00 to 52.00 per ton of steel 

Other tools = 50.20 to 51.00 per ton of steel 

Painting of steel frame = -50.20 to -50.70 per ton of steel 

Corrugated steel, erection of = -50.10 to $0.40 per square 

For more detailed e,stimate.s of equipment costs, the cost for the 
job of each important or large piece of equipment is found 
separately. Tools and minor equipment may be considered 
together and the cost for the job estimated. The cost of equip- 
ment should include costs of transportation to and from the job, 
rentals, depreciation, repairs, maintenance, fuel, oil, etc., as the 
case may be. The labor costs of erection, operation, mo-^dng, and 
taking docvn are usually included with the labor estimate. Wben 
not included in the labor estimate, these costs must be included 
with the equipment costs. 

Further information is given in Chap. XVII on Construc- 
tion Plant and Equipment and in Appendices B, C, and D. The 
“Contractors’ Equipment Ownership Expertse” prepared and 
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published by The Associated General Contractors of America, 
Inc., Alunsey Building. ashington, D. C., contains about the 
best information on ormer's equipment costs. Other worth- 
■while miormation ma^' be found in schedules prepared and 
distributed b^* diherent government agencies and by various 
manufactitrers. Im'ormation in regard to equipment costs is 
sometimes published in engineering periodicals. Examples 
are the Depreciation Schedule, Construction Equipment Rental 
Rates, and Index of Construction Alachinery Prices published 
in the Engineering Xevrs-Record, Apr. IS, 1946. 

6. Overhead and Profit. — Overhead costs on structural-steel 
tvork trill be comparative!}' large because of the hazards and 
uncertainties of the work, the more office work and supervision 
required, and the higher rates charged for compensation and 
other insurance. The overhead costs are usually based on labor. 
The percentage of the labor costs may range from 20 to 35 per 
cent plus insurance for compensation, social securitt', etc. 

Compensation insurance rates vary considerabE in different 
states: At the present time (1946), compensation insurance base 
rates for strucrural-steel and -iron erection vary from 5 to 35 per 
cent, with an average of about 15 to 20 per cent. The estimator 
should consult the insurance companies so that he wiU have 
correct information covering compensation insurance. Social 
security and other taxes vai^' in different states and may range 
from 2 to 5 per cent. These compensation insurance costs and 
taxes are usually treated as overhead items, though some esti- 
mators consider them as direct labor costs and include them with 
the labor. For further information see Appendix E. 

Sometimes the overhead costs are estimated separately for 
materials, labor, and equipment, usmg different rates for each 
item. These rates are determined by the past e.xperiences and 
the cost records of the compan}* plus the judgment of the esti- 
mator. These rates may be based on materials costs or quanti- 
ties (per ton, on labor wages or hotus, and on equipment costs or 
time. For example, overhead costs may range from 5 to 15 
per cent of the materials costs, 25 to 50 per cent or the labor costs, 
including compensation insurance taxes, and 4 to 10 per cent of 
+he equipment costs. 
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Total overhead may range from about 45 to 70 per cent of all 
labor costs on an average with possible extreme ranges of 40 to 
100 per cent. 

The percentage of profit figured on structirral-steel work is 
usually comparatively high and may range from 10 to 25 per 
cent of the sum of all other costs, or from 15 to 30 per cent of the 
simi of labor, equipment, and overhead costs. Sometimes the 
percentages allowed for profit vary with the items, being lower 
for materials and higher for labor costs. 

7. Structural-steel Estimates. — Structural-steel estimates will 
include the following; 

Materials. Cost at nearest railway siding or cost at job. 

Labor. All labor costs involved. 

Equipment. Costs of all equipment required for the particular 
job. 

Overhead. Usually based on labor costs. 

Profit. Based on sum of all other costs. 

Total costs. Sum of all other costs. 

Unit costs per ton or per hundredweight may also be computed. 

Estimates may be summarized and tabulated to show unit 
costs per ton or per hundredweight of steel as well as total costs. 

Some estimators subdi\dde their estimates as follows : 

Materials. Cost f.o.b. nearest siding. 

Handl in g and transportation. From railway siding to job site. 

Labor. Costs of all labor used for this purpose. 

Equipment. Costs of all equipment used. 

Erecting, riveting, or welding, and painting. 

Labor. Costs of labor for erection and riveting, etc. 

Equipment. Costs of erection and riveting equipment. 

Overhead. If not subdivided and included with other costs. 

Profit. 

This form of estimate has the advantage of giving the esti- 
mated costs of the materials f.o.b. siding, the costs of moving the 
steel from siding to job site, and the costs of erecting, riveting or 
welding, and painting the steel. A few estimators go into fiuther 
detail, and figiue costs of erecting, riveting or welding, and paint- 
ing separately, as different gangs are used for these three kinds of 
work. 
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iLLTSPOAI^ TaSZ-OFF 

One-Story Steel Mill Building 60 by 105 ft. Job No, 














(JOmVJ’ltl/CTlON KHTIMATEiH AND COHTH 


2H1 

y. JUuiilrativy iJutimuty. -J'ryparc n wni for i}i<; niructunii-nUtd 

i'fimo for a nurAl iMol juiJl ljuil<Jii (!5 (50 by 105 It, in aiw, 20 ft. from irrorntd 
Icvyl to bottojo of roof t]iiij!)<;H. 'J’b<; buildiog lja;< iiovon lo-ft, biiyn, thus 
r<i<iuiri/iir, oij/Jit of (50-ft. i>pu». IJiaj^ooaJ orona hruo'mi^ in providod 

in t})0 ij'jcood a;)<l ijixth l^aya for walla and for tljo roof trusaca in planea of 
b<)t)) U )0 ijj)])')!' and lowor oliorda. 'JVijok haul from railway jddini; to aito 
hi 2 miloa, 

'J'lio following jn’io'w ar<i aiiannmd to apply; 


iStrnotnral atool, inill prli:',*.-; .^2,(50 por W) lb- 

J^'abrication, induiiin;^ drawin;^;), abop labor and 1 ooat 
paint 

Jbjof trnaaya ?5o,(J0 por ton 

Otli<)r work 12,()0 par ton 

l-’roii^bt 0.28 por 100 lb, 

WaiVJU of atrn<!tijrai»i)('!i;l workora 1,85 por hour 

VVaiy) of for<)nian 2,d0 por hour 

Waj^o of powor-orano or dorihik oi)orator. . . , 1,85 por hour 

15iint')ra 1,(55 por hour 

I'kiuipmont ooata to bo aaau/nod by oatiniator 
(fvorhoad ooata, 8 por oont <)f jnatorial ooata 
82 por oo.nt of labor ooata 
5 por oont of o<iuipniont ooata 


Profit, 1 1 j)or oont of all othor ooiita 

Matoriala (aoo Matoriaki 'rak<M>ff, j)ago 281}): 


Mill prioo, 128,1 10 lb, at $2,(50 por 100 


- $8,200 

Pabrioati<m, roof truiiaoa, 2!),()80 lb, at $85 



j)or t<m 

^ $510 


Othor atool, 10,080 lb. at $12 



por tcni 

$5(55 

1 ,075 

ProiKht, 128,1 10 lb. at $0.28 jjor 100 lb. 


O'! 5 

'I’otal ooat of atoi;!, f.o.b, railway aiilinj? 


$<1,(520 


(,'oat i)or ton $75, (.‘oat p<!r 100 lb, •-« $8.75 
Miiioiillanooua niatoriali). Honiotinioa thoao matoriala 
aro inoludod with tlio <!t)uipmont ooata. 

Piolil I’ivota, about 8()0 lb. at ,$d por 

100 II). $82 

Piold bolta 250, at $0.07 oaoh ^ 18 

Paint, al)out dl i^al. for 1 ooat at $1.00 por 

K'd. 7« 

“ $128 

'I'otal matoriala ooat "" .$4,748 

Labor. Aiiaumo r;anK of I foromm) ujid o kku). 

'I’otal hourly coat .$2.')0 -I (1.85 X (5) $18.50 

(loat |)t!r labor-hour $2,25 
llandliiiK at railway aidiiip, ami at alto. 

Aaaumo hand oranoa availablo at o.aoh pluoo. 
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Assume 1.4 labor-hours per ton for trusses and 1.2 
labor-hours per ton tor other sieei, at siding and 
at site. 

Other steel. 94,030 lb. at ^ 1.2 -J- 1 . 2 ; hr. 
per ton =113 far. 

Trusses, 29,OSO ib. at (1.4 -r 1.4) hr. 

per ton = 41 lu-. 

Total labor-hours = 154 

Labor cost, 154 hr. at $2.25 = § S 47 

Erection of steel (and plumbing) -stith crawler gaso- 
line-powered crane. 

Assume S labor-hours per ton for other steel and 1 1 
labor-hours per ton for the roof trusses. 

Other steel, 94,030 ib. at S hr. per ton = 376 hr. 

Trusses, 29.0S0 ib. at 11 hr. per ton = 160 hr. 

Total (aTerage = 10.33 hr. per ton for 

frame) = 336 hr. 

Labor cost. 536 hr. at $2.25 = $1,206 

Equipment labor. As a crawler crane is used for the 
erection and hand cranes at siding and site for 
handling steel, the extra labor required for erect- 
ing, moving, and taking down equipment should 
be quite low. By assuming a portable gas- 
powered air compressor, the labor required for 
moving this unit will be low. Probably 40 hr. 
of extra labor for equipment will be suScient. 

Labor cost, 40 hr. at $2425 = .$ 90 

Eiveting. Assuming 25 field rivets per ton, number 
of field rivets will be 1,540. By assuming 12 hr. 
per ICO rivets, labor-hours wiH be 1S5 for 
riveting. 

Labor cost, 1S5 hr. at $2425 = $ 417 

Painting. Painting this frame wfll nor be dimcult. 

About 1.2 hr. per ton should be a reasonable 
allowance. 

Hours required = 74 

Labor cost. 74 hr. at $1.65 = S 122 

Total labor cost =$2,182 

Equipment. The following equipment and costs for 

the job are assumed: 

Hand crane at railway siding = $ < 

Hand crane at site, including transportation = 20 

Trucks for transporting steel 

For hanl of 2 miles, cost per ton is Sl.SO, 

123,110 Ib. at $l.SO per ton = 

Crawler gasoline crane for erection, including fuel 
and all other costs, estimated at $30 for trans- 


110 



(joNnrm/fjrtON mriMATim and (jo/mi 


y-HH 


2. Uoollni^ JVJutoJ'lulfi. 'I'lio in rooDo/^; and 

n)a,y bo ''Jiuinifiod an l,o hind n)’ niabn’ial (wnn»J, anpbalf/, 
<!niii{)(wiUn/i, ninbiJ, nan van, nb!,) or an b) l/y\)o of inaiorial 
(fibinid'H), t’olln, l/iln, fib’lpn, jjifiiion, nb;.). 

In U)<! id)n'!n(!«) nl’ oUnsr int’orinaUnn, Uio wnifdibt jnn’ iKjiiai'o •)]’ 
vnj'inufi I'urjflni/; niabfi'lain may bn bihnn JVn/n 'I’abin KDI. 


JO I. At'i'ioAiMA'i’n WniMH'i'h t'wa ihuMii'i on VAiiiniiti Koon/ao 

MA’rMii)A»,n 


i ilinaUni';, vvtxxl , . , , , , , , , , , . , 

la,y>'i' , , 

n'lU’ I))' , 

’IV-)' (Uifl ((Ida ctol’, 

Afti)liiiJl/ toll loolliid, 

OlUlVdt) 

No. M'), 1 1 d ii'l il d.f'ivn • • 

<]on'ii|>|d,l,<!il ivilvd.lib.dil dl.t'i'i I). i!, |/|d)v! 

< !i)i'Hi)»,d.l,idl i»,d,lviuil/,'!fl di."ol '24 (). ii, ivuv!, , , . . . 

< Ion ii|>,dA<'<l ivi.lvd,i)l/,di| dl."i>| •2(\ I), i), y.div*. ... 

( !o)'ni;'|d'l''*'l /',dlv/U)b,i!i| «(,•!<•) ‘2H N, J), ... . 

I.'dul, jfi 111. IJil'iK 

<llddd, /fj III. iJltdIv , , , , , , , , , 

lilllli|i;ldd, ddld’dl.Od, , , , , , 

i!liiil)d"d, dd|ilidl(.. 

illiliid,l<'f(, wood, , , ■ 

i!liliiid<'fi, dlalo . , , 

'I'lld, didy lUid i',<Mii«iiil, 


Wdii/Jil. jidi’ 

il(|iid,i'<!, l'<)iii|i|d 

, , '2‘2t) '.m 

, , Jd- :j() 

, , '2i) HO 

400 

. m - '/;) 

, , Id ' 2 n 

I '20 
1 70 
Md 
lid 
101) 

VdO 

I'/d 

200 

, , IdO '100 
200 

, , 'IdO voo 

, dOO 1,200 


JJ. Roolbii^ Paptn’ aiid Fnll;, Ibmllna; napni' nniially nfnm',j bi 
rolln III' vai‘,ybi|i; Iniiail.lin luid wobdib). A roll may ntnibun I OH, 
'did, or '\'>V2 ni|, )’l„ or nnoiiidi I'or onn, l.wo, or I'oiu’ fH|iiarnn vvK.li ii, 
'd in, la)). Wnialibi of roo/iiiK |)a|)n/' may vary from 4 or d lb. ii)) 
b) 00 lb. or no iinr miiiarn. brlnnn mn,y raiiiy) from aboiil, lO.dO l.o 
:ifd |)nr tn|uarn. li.oolliii*; |)a|)f!r in cifNiii fanbmnd wil.li lm’(v>" 
liniuk'd binloi aboiil, Jif,j in, Iona; and nonUna; .|I0. 10 l.o .'iflO. Id ()nr 
li(df-|)ouml |)anha!!;n (nnonaili fnr onn n«|uarn). 

Itoollna; fob/ ununJIy nomoa in I'oHa of varyina; arnan and of 
vvnia;l)fn from aboul. id l.o '10 II). |)nr iMimu'n. O'lin fnlf iiiay bn 
|)rinnd iior roll wll.h arna ami vvnlajil, a.'vnn, or iinr 100 lb. vvli.li 
wnia.hi |)nr miuarn aiivt'ii, ( loni, |)n)' n(|iiarn may vary from |>0,d0 
lo ®l,d0, and nonl. |)nr 100 lb, fi’om Id l.o I'l, O'hn fall, in im|))'na;' 
iiaidd wll.h liir or iin|)ht\li, wll.h Uia, an|)hall. iiniially bnina; non- 
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sidered as a better material and costing a Kttle more. About 
0.50 Ib. of J/s-bi. to 1.25 ib. of l-in. large-head galvanized nail.q 
maj- be required per square when the felt is nailed to a wood 
surface. 

Diagrams 10-1 and 10-3 (pages 612 and 614) may be used for 
estimating the costs per square of paper and felt. 

4. Wood Shingles. — Wood shingles usually come in random 
widths (say from 4 to 12 in.) packed in bundles. Each btmdie 
contains the equivalent of 250 four-inch shingles. The length 
of the shingles is iLsnaUy 16 or IS in. In general, the length 
should equal three exposures plus 1.5 to 3 in. in addition for head 
or end lap so as to provide a roof covering three layers thick. 
The thickness of the shingles at- the butt is usually 0.40 (five 
make 2 in.) or 0.45 in. (five make 2.25 in.). The exposure is 
usually 4, 4.5, 5, 5.5, or 6 in. Some manufacturers pack their 
shingles in special bundles or cartons, each carton containing 
enough shingles to cover 25, 33}^, or 50 sq. ft. or so, with a 
stated exposure of 5 or 5.5 in. The wood used is usually red 
cedar of No. 1 or No. 2 grade. Prices of shingles may range 
from about $2 to S6 per standard bundle of 250 shingles, or from 
SS to §25 per square. 


TiBia: 10-2. — ^Woodsx Shixglzs axd Nails Rzqcxred pek Sqxtahb of 

100 Sq. Ft. 


Length. 

t 

^ Exposurej 


1 Nans, 

inches 

1 inches 

j of shingles 

> pounds 

16 

1 

1 

900 

1 

4.0 


1 4.0 ^ 

SOO 

I 3.6 


f 5 

720 

i 3.3 

IS 

1 5.0 

‘ 655 

[ 3.0 


1 6 

1 

! 

; 600 

' 2 S 

1 


' s 

450 

1 2.3 


1 10 

360 

2.0 


Wood shingles are usually nailed to the shingle strips or wood 
roof sheathing with two nails- per shingle. Usually no b uil di n g 
paper is placed between the roof shingles and the roof sheathing, 
though building paper is frequentlj- placed between siding 
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shingles and the wall sheathing. The number of nails required 
per square may vary from 3 to 5 lb., depending upon the exposure 
and consequent number of shingles, or about 4 lb. of 4-penny 
shingle nails per 1,000 shingles. Nails may cost $0.03 to $0.06 
per lb. for plain-wire nails and $0.05 to $0.10 per lb. for galvan- 
ized- wire nails. 

The amount of waste with wood shingles may vary from about 
8 to 25 per cent, depending on how much the roof is cut up by 
ridges, valleys, dormers, etc. A double row of shingles is usually 
laid along all eaves. 

Diagrams 10-1, 10-2 (page 613), and 10-5 (page 616) may be 
used for estimating the costs per square for wooden shingles. 

Table 10-2 gives theoretical quantities of wood shingles and 
nails required per 100 sq. ft. of roof area with no waste. 

6. Asphalt Shingles. — ^Asphalt shingles are usually packed in 
bundles or cartons. Each bundle may contain enough shingles 
for 25, 33^, or 50 sq. ft. of roof. Exposures are usually 4, 4.5, 
or 5 in. Single shingles vary from about 12 in. in length for 4-in. 
exposure to 16 in. in length for 5-in. exposure. Strip shingles 
are usually 36 by 10, 11, or 12 in. in size, and each strip is usually 
cut or marked to indicate three or four shingles, i.e., three or 
four tabs. Asphalt shingles are usually laid over a covering of 
building or sheathing paper. 

Asphalt shingles are made in varying weights and finishes. 
Weights per bundle may vary from 40 to 125 lb. Weights per 
square when laid may vary from about 150 to 400 lb. Prices 
may range from about $4 to $12 per square, or from $1.25 to 
$4 per bundle. 

Waste in laying asphalt shingles may vary from about 4 up to 
15 per cent, depending on how much the roof is cut up by ridges, 
valleys, dormers, etc. 

Asphalt starting strips and ridge and valley strips come in 
rolls 9 and 18 in. wide by 36 ft. long, weighing about 22 and 44 lb. 
per roll, and costing about $0.50 and $1 per roll, respectively. 

Large-headed galvanized roofing nails, 1 to 1.75 in. long, are 
used with asphalt shingles. These nails cost $0.05 to $0.10 per 
pound. From 4 to 5 lb. per square are required for individual 
9- by 12-in. shingles, from 2.5 to 4.0 lb. per square for individual 
12- by 16-in. shingles, and from 2.5 to 4.0 lb. per square for three- 
and four-tab strip 'shingles. 
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Diagrams 10-1 and 10-2 may be used for estimating the costs 
per square for asphalt shingles. 

6. Asbestos Shingles. — Asbestos shingles are available in a 
number oi sizes and styies. Hexagonal shingles about 16 bv 
16 in. or square styles about S by 16 in., 9.-5 by 22 in., and 12 by 
24 in. are common. These shinsles come in bundles containing- 
enough shingles for 25, 33-3. or 50 sq. ft. of surface. The lap is 
about 2 in., so the exposure is equal to one-half (length minus end 
lap). The cost per square may range from about S6 to $15. 
The average tveighr is about 2C0 lb. per square. The uasre may 
vaiy- from about S to 25 per cent. From 3 to 4 lb. of 1.5- or 
1.75-in. galvanized roofing nails are needed per square. 

Asbestos shingles are usually laid over a layer of roofing felt, 
which max' weigh 15 to 35 lb. per square. 

Diagrams 10-2 and 10-5 may be used for estimating the cost 
per square of asbestos shingles. 

7. Slate Shingles. — Slate shingles are usually rectangular in 
shape, and vary in width from 6 to 16 in. and in length from 
12 to 24 in. The end lap is usually about 3 in., and the exposure 
is one-half {length — end lap). These shingles are often priced 
per square of 100 sq. ft. (lap and other dimensions given). The 
price oer square may range from $6 to $100. The thickness of 
the individual shingle may rary from about 0.20 to 2.00 in. 
Average weiant of slate shingles is aoout 500 to 600 Id. per 
square. 

TTaste max* x'arv from 5 to 25 per cent, depending on the lonn 
and irregularities of the roof. 

Slate shingles are laid ox'er a layer of roofing felt, as are asbestos 
shingles. 

From 2 to 6 lb. of nails max* be required per square, depending 
on size and thickness of stiingle. Copper nails are recommended. 
From 3 to 4 lb. is usually enough per square. These nails 

may cost $0.25 to $0.50 per pound. 

Diagrams 10-2 and 10-5 may be used for estimating the cost 

per square for slate shingles. 

8. Metal Shingles. — Stamped metal shingles of copper, tm 
(steel Viith tin surfaces), galvanized steel, etc., are available m 
many shapes and sizes. Quantities required per square will 
depend upon size, overlap, and exposure. The shingle* are 
often quoted per square and sometimes per 100. Paces vary 
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considerably, the cost per square ranging from about S6 per 
square and up. 

Metal flashing shingles are usually about 5 by 7 in. in size and 
are made of comparatively light weight tinned or galvanized steel 
material of about No. 28 or 29 gage. They may cost about SI to 
S2 for a bundle of 100. Copper flashing shingles are also used, 
and may cost from four to six times as much as the galvanized- 
steel shingles, depending on size of shingle and gage. 

Diagrams 10-2 and 10-5 may be used for estimating the costs 
per square of metal shingles. 

9. Tile. — Cement tile, clay tile, and steel tile (imitation of clay 
tile) are available in many sizes and shapes. These tile may cost 
SIO to $200 per square, depending upon material and style. 
Hips and valleys may cost $0.25 to $1 per lineal foot. 

The tile are usually laid over a layer of roofing felt weighing 
about 30 to 40 lb. per square. Furring strips and lath are 
required Mth some styles. 

As most tile are furnished and laid by the manufactui*er or 
dealers, the estimator should give the plans and specifications to 
them so as to secure their estimates. 

10. Asphalt-roll Roofing. — Asphalt-roll roofing usually comes 
in rolls 32 or 36 in. \yide and of a length sufficient to cover 100 sq. 
ft. of surface with an allowance for 2-in. laps. The actual area 
per roll is usually about lOS sq. ft. Sometimes a 3-in. lap is 
provided for. The finish may be a mica or slate surface. The 
weights per roll or per square may var 3 ^ from 35 to 110 lb. per 
square b^' 5-lb. intervals. The 65- to 90-lb. weights are common. 
The price per square (or per roll) may vary from about $1.10 to 
$4, depending upon weight, finish, and style. 

Nails and roofing cement for laps may or may not be included 
with the rolls. From 2 to 4 lb. of 1- to 1.75-in. galvanized large- 
headed nails are required per square or roll. Roofing cement is 
needed at the laps and around flashings. This costs about 
SO. 03 to $0.15 per pound, depending on composition, color, and 
quantit 3 ^ From 2 to 5 lb. should be enough per square. 

Asphalt-roll roofing is usuallj’' laid on wood roof sheathing or 
over old roofs. Building or sheathing paper is rarelj' used under 
.asphalt-roll roofing. 

Diagram 10-1 ma^' be used for estimating the cost per square 
of asphalt-roll roofing. 
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11. Composition or Built-up Roofing. — Composition or built-up 
roofing may consist of two to five plys of roofing felt or similar 
material with alternate layers or coats of tar or asphalt and some- 
times a surfacing of gravel or slag. The roofing felt used may 
vaiy" from 15 to 40 lb. per ply per square, the tar or asphalt from 
about 20 to 30 lb. per coat per square, gravel surfacing from 
350 to 450 lb. per square, and slag surfacing from 250 to 350 lb. 
per square. 

Roofing felt usually comes in rolls of various weights, each roU 
containing lOS sq. ft. or enough material for one square with 
2-in. laps. Roofing felt may be priced per roU or per 100 lb. as 
previously stated in the article on Roofing Paper and Felt. 

Tar pitch usuallj' comes in 350-lb. barrels and may cost S20 to 
§40 per ton. Asphalt is usually priced per gallon (1 gal. weighing 
about 9.5 lb.) and may cost §0.25 to §0.75 per gallon or §2.50 
to §S per 100 lb. 

Slag and gravel suitable for roofing may cost §2 to §4 per ton. 

A little roofing cement may be needed for patching and also for 
flashings. 

The composition roofiing is used on comparatively flat surfaces 
only. If the surface is of concrete, the concrete is first given a 
priming coat of asphalt or tar roof paint, or a coat of the regular 
tar or asphalt thinned a little, before the first layer of felt is 
placed. Hence, on a concrete roof, there will be one more coating 
of tar or asphalt than there are plys of felt. The same is true for 
metal surfaces when a composition roof is placed over an old 
metal roof. For wooden surfaces, a layer of felt is placed first, 
and this layer may or may not be cotmted as one ply. Some- 
times the composition roofing is extended for 6 in. to 1 ft. up 
the sides of brick or other walls to settle as flashing. 

The materials estimate should note: 

Squares. Humber of squares, including any extras as for 
flashing. 

Felt. Humber of plys and weight per ply per square. Tar or 
asphalt impregnated. 

Tar or asphalt. Humber of coats and pounds per coat per 
square. 

Slag or gravel. Pounds per square. 

Miscellaneous materials. Such as nails, roofing cement, 
asphalt priming paint, and roofing paper per square. 
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In addition to the types of composition roofing mentioned, 
there are many special types prepared and applied by various 
manufacturers and dealers. 

Diagrams 10-1 and 10-3 may be used for estimating the costs 
per square of composition roofing materials. 

12. Canvas Roofing. — Canvas roofing of two- or three-ply 
construction may come in roUs 29 to 72 in. in width, and 100 yd. 
in length. The weight may vary from about 12 to 24 oz. per 
square yard. The canvas roofing should be laid in paint on a 
smooth surface and the finished roof given one or two coats of 
paint. The canvas should be fastened by copper or galvanized- 
steel or iron tacks about % to ^ in. long and spaced about 1 in. 
or less apart. From 8 to 12 per cent should be allowed for laps 
and waste in cutting and fitting. Flashings may be formed by 
extending the canvas 6 to 8 in. up the sides of the walls. This 
extra material must be allowed for. The canvas may cost 
S30 to S80 per square, according to weight and number of plys. 
The cost of the paint is additional. 

The materials estimate for a canvas roof should include 
canvas, tacks, and paint. 

13. Metal Roofing. — Metal roofing is usually rolled open- 
hearth steel roofing of about 22 to 29 U. S. gage and may be plain 
(black), painted, tinned, or galvanized. Rust-resisting steel 
alloys (usually copper bearing) are also available. Other metals, 
especially copper, are also used. Sheathing or roofing paper may 
or may not be placed under metal roofing. 

Flat or Sheet Roofing . — This roofing comes in sheets. Material 
may be sheet steel, tin plated, with the underside painted, or 
copper. The sizes of tinned steel sheets are 14 by 20 in. or 
20 by 28 in., the larger sizes being preferred. Common thick- 
nesses or weights are IJ. S. gage 26, 28, and 29. Weights per 
square foot for these gages are a little more than the correspond- 
ing weights of black finish flat sheets given in Table 10-5. 
This material may come in boxes of 112 sheets of the 14- by 20- 
in. size, 56 sheets of the 20- by 28-in. size, or in boxes containing 
100 lb. of material. This material may be laid with standing 
seams or laid flat and soldered. 

For a standing-seam roof, 32 sheets of the 20- by 28-in. size 
or 68 sheets of the 14- by 20-in. size are required per square for 
covering and laps for seams. 
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Tlie materials needed for a flat soldered-seam roof are given in 
Table 10-3. The table gives the number of sheets required, 
including laps. From 4 to S per cent should be added to tabidar 
values for waste of cutting and fitting. 

TiBLZ 10-3. ^FxaT SoLDEHSD-SEAil RoOF. MaTEBIALS PEB SqCABB 


Material 

Using 14- by 20- 
i in. sheets ! 

r 

Using 20- by 2S- 
in. sheets 

1 

Sheets, mimber 

1 

; 62 

29 

Solder, pounds 

‘ 7-9 

4-6 

Nails, pounds 

1 3—5 

! 3-4 

Rosin, Bounds I 

; 1 

1 

Charcoal, nounds 

- 1 

o 

2 


This roofing material may cost Sl2 to $25 per square for stand- 
ing seams, and $16 to $30 per square for flat soldered seams, 
including solder and other materials. The material mscy be 
priced per sheet, per bo.v, per pound, or per 100 lb., tN-ith gage 
and other details being given. At the present time, tin-plated 
steel roofing maj* cost $6 to $S per 100 lb. at the job. 

Copper roofing sheets come in varjfing sizes and weights. 
Common weights are 14 or 16 oz. per square foot. The roof 
may be laid flat or with standing seams. Copper roofing may 
be laid over roofing paper or light-weight roofing felt. Copper 
or bronze nails should be used if nailing is required. About 5 per 
cent should be allowed for waste in addition to laps. Copper 
roofing may cost $25 to $50 per square. 

Crimped and Corrugated Roofing . — Standard sheets of crimped 
and corrugated-steel roofing are available in rust-resisting alloy 
steel (copper bearing), open-hearth steel, black (unpainted mill) 
finish, painted, or galvanized finish. Common gages are 22, 24, 
26, 28, and 29 U.S. Standard lengths are 5 to 12 ft., -ndth 1-ft. 
variations. Standard widths are 26 or 27.5 in., gi\*ing a net 
width of 24 in., allowing for side laps of 2 or 3.5 in. These 
types of steel roofing are usually priced per 100 lb. with various 
e.vtras for quantities and gages. 

The estimator should consult the material dealer for prices 
(base prices and extras) in effect at the time the estimate is made. 
Prices may be f.o.b. mill, f.o.b. nearest railway station, or 
dehvered at job. At the present time, approximate prices per 
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100 lb. delivered at the job may range from $4 to S6 for black 
(mill) finish and from $4.50 to $7 for galvanized. 

Many dealers price crimped and corrugated-steel roofing by 
the sheet, vdth gage, width, length, finish, and other details 
given; or by the lineal foot for standard lengths with gage, width, 
finish, and other details given. This method of pricing is popular 
in many districts where the roofing is used for barns and other 
wooden-frame buildings. Prices per Hneal foot may range from 
about $0.07 to $0.15 for 26- or 27.5-in. painted material for 
26 and 28 gages, and from about $0.10 to $0.25 for galvanized 
material of 26, 28, and 29 gages. 

Barbed lead-headed roofing nails about 1.75 in. long should be 
used for fastening crimped or corrugated-steel roofing to wooden 
sheathing. From 1 to 2 lb. per square are required. Special 
ties or clamps are used for fastening this material to steel shapes 
(purlins, beams, etc.). 

Crimped sheets usually have two or more crimps running 
lengthwise of the sheets. One of the edge crimps should be of a 
type to reduce possible leakage. Side laps may be 2 to 3.5 in. 
End laps are usually 6 or 8 in. for roofs and 4 or 6 in. for siding. 
Extra material for laps will be about 15 per cent with 2-in. side 
laps and about 22 per cent with 3.5-in. side laps. About 5 per 
cent should be allowed for cutting and fitting waste in addition 
to the allowance for laps. Crimped sheets weigh about the 
same per square as corrugated sheets of the same gage. See 
Table 10-4 for square feet of corrugated steel required per square 
of roof surface, see Table 10-5 for weights per square foot, and 
Table 10-6 for approximate weights of materials required per 
square. 

Corrugated sheets with 1.25- and 2.50- (actually 2.67-) in. 
corrugations are commonly used for siding and roofing. The 
26-in. width usually has both edges turned the same way, and 
the side lap is about 2.00 in. (about one 2.50-in. corrugation). 
The 27.5-in. width usually has one edge turned up and the other 
down, and the side lap is 3.50 in. (about 1.50 times the 2.50-in. 
corrugations). End lap is about 4 to 6 in. for siding and 6 to 
8 in. for roofing. Corrugated roofing should not be used when 
the pitch is less than 3 in 12. Steel flashing is required on ridges, 
valleys, eaves, windows, etc., whenever necessary to ensure 
watertightness. 
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Approximate gross areas of corrugated sheets required are: 

27.5-iii. width = net area 4- end laps -p 15 per cent for side 
laps of 1.0 corrugations. 

26-in. width == net area -f- end laps -f 10 per cent for side 
laps of 1 corrugation. 

In general, about 15 per cent is sufScient for end and side laps 
for the 26-in. width and 22 per cent for the 27.5-in. width. From 
5 to 10 per cent in addition may be allowed for waste caused by 
cutting and fitting. 

Table 10-4 gives the square feet of corrugated steel required 
per square of roof surface. 


Tabls 10-4. — ^Apphoxhiate Sqttabe Feet of Corbtigated Steel Requibed 

PES Square 


Gross 

width, 

in. 

Net 1 
width, 
m. 

i 

1 

i ! 

i End lap, in. 

i Oldti t ^ f 1 I 

1 lap, 1 4 j 5 ! 6 7 8 

i in f ! ' > 1 

[ 1 

: j Square feet for one square 

26 1 

27.5 ! 

1 

! 

2* i 

2.0 ! 113 . 114 { 115 f 116 1 117 

3.5 ' 120 121 1 122 123 124 

i ! ! : ' 


Table 10-5 gives the weights per square foot of flat and corru- 
gated sheets in black (unpainted), painted, and galvanized 
finishes. 


Table 10-5. — ^Weights of Flat a>t> Corrug.\ted Steel per Squ.vre Foot 


u. s. 

gage 

Thick- 
ness. in. 

' 

Flat sheets 

Corrugated sheets 

Black 

, ! Galva- 
iraintea . t 

nized 

Black 

_ . , r Galva- 

Painted . , 

mzed 

f 

22 

0.030 

1.25 

1.26 

1.41 

1.35 

1.36 ' 1.51 

24 

0.024 

1.00 

1.01 

1.16 

l.OS 

1.09 ! 1.25 

26 

O.OIS 

0.75 

0.76 

0.91 

O.Sl 

0.S2 1 0.9S 

27 

0.0165 

0.69 

0.70 

0.81 

0.74 

0.75 ' 0.91 

28 

0.015 

0.63 

0.64 

0.7S 

0.67 

0.6S ; 0.81 

29 

0.0135 

— 


0.72 

.... 

0.77 

1 


To obtain weights per square, multiply the proper tabular value 
by the number of square feet of steel required per square. 
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Table 10-6 gives approximate weights per square for 26- and 
27.5-in. %vidthsj based on 15 per cent for laps and 5 per cent cutting 
waste for the 26-in. width and 22 per cent for laps and 5 per cent 
for cutting waste for the 27.5-in. ividth. 


Table 10-6. — ^Approximate Weights op Cohbugated Steel Requibbd 

PEB Sqhabe 


U. S. Gage 

26-in. Width 

1 

27.o-in. Width 

1 

Black 

i 

Galvanized 

1 

Black 

Galvanized 

22 

162 

181 

172 

192 

24 

130 


137 

159 

26 

97 

118 

104 

125 

27 

89 

109 

94 

116 

28 

80 

101 

85 

107 

29 

... 

92 

! 

98 


Weights of painted steel will average 1 to 1.5 lb. per square 
more than those of the corresponding gage of black-finish steel. 

Diagram 10-4 (page 615) may be used for estimating the cost 
per square of metal roofing. 

14. Flashing. — Materials used for flashing may be tinned, 
painted, or galvanized steel; copper; or asphalt. Metal sheets 
or shingles about 5 by 7 in. in size are usually used around 
chimneys and small openings. For valleys (and sometimes for 
ridges), rolls of metal or asphalt roofing may be used. The cost 
of metal flashing -will depend upon the material, gage, width, 
and length. Valley strips are usually 12 to 18 in. ivide. Ridge 
strips may be 9 or 12 in, wide. Cost of tinned-steel flashing 
shingles 7 by 9 in. may vary from about §1 to $2 per 100. Cost 
of copper flashing shingles or strips may vary from .$0.25 to 
S0.50 per lb. Steel valley, 14 to 18 in. wide, 28 gage galvanized, 
comes in rolls about 25 or 50 ft. long. The 25-ft. rolls ma}'^ 
cost Si to S2 per roll, depending on -width and gage. Asphalt 
valley strips come in rolls about 18 in. wide and 36 ft. long, and 
cost about SI per roll. Asphalt ridge strips come m rolls about 
9 in. mde and 30 ft. long and cost about $0.50 per roll. 

16. Roofing Trim. — Roofing trim such as ridge strips, gutters, 
and doAvnspouts are usually estimated per lineal foot. Ridge 
ends (finials), end caps, eaves trough comers, elbows, shoes, 
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drop outlets, cutoSs, etc., are usually estimated by the piece, 
other details being given. Hooks, hangers, etc., are listed by 
the dozen. Approximate prices (1946) are as foUotvs: 

Ridge strips, 2S-g'age galvanized steel S0.40--50.S5 per 10 iin. feet 

Fmials 50.15-50.50 each 

Gutters. 26- to 2S-gage, galvanized steel. 3.5— 

6 in -50.40 — -51.25 per 10 iin. feet 

Rain pipe, 26- to 2S-g3ge, galvanized steel. 3- 

4 in 50 . 50--S1 . 25 per 10 lin. feet 

Drop outlets, elbows, shoes, comers, etc 50.15-50.65 each 

Rain-pipe cutons 50 . 75 — 51 - 50 each 

These prices are approximate; hence, dealers’ price lists should 
be consulted when preparing estimates. Special work should be 
estimated separately by a competent tinsmith. 

16. Sheet-metal Work. — ^Frequently most of the items listed 
under roofing trim are classed as sheet-metal work. These items 
are purchased ready made from the dealers, and the contractor 
erects them. On some jobs, the sheet-metal work (providing 
of the materials and their installation) is let as a subcontract. 
For estimates on special work such as cornices, skylights, ven- 
tilators, and windows, the estimator should consult the manu- 
facturer or dealer and secure his prices. 

17. Labor. — ^The cost of labor for roofing and flashing will 
depend upon kind of labor (roofers, carpenters, tinsmiths, 
painters, handy men, helpers, etc.) used, their hourly output, 
and hourly wages. The hourly output will depend on the 
narticular job (cutting and fitting required, materials to be used, 
etc.) and upon the skill and inclination of the workers. Labor 
wages may vary from S0.65 to $1.25 per hour for imskilled labor 
and from $1 to $2.25 per hour for skill ed labor. 

For roofing work, the men should be organized in gangs con- 
sisting of both skilled laborers and helpers (if local rules permit 
the use of helpers). K a gang consists of three or more men, 
one should be the straw boss, or foreman. The number of men 
in the gang will vary with the amoimt of roofing and kind of 
material. For ordinary shingling or the laying of asphalt roofing, 
a gang mav consist of two to nve men. For built-up or com- 
position roofing, one or two men maj* be* needed on the ground 
for about every two men on the roof. Enough helpers should be 
available to do the work on the ground and to keep the roof men 
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supplied with materials. The proportion may vary from about 
one helper for four roofers to one helper for one roofer. If the 
gang is large (say five or more men) or if two or more gangs are 
used on the job, a foreman should be provided to supervise the 
work and keep the men busy. 

Ti\3LE 10-7. — Approximate Labor-hours Required per Square for 
Applying Roofing Materials 

Hours per square 


Roofing materials 

roofs roofs 


Shingles, wood, single 2- 6 5-10 

Asphalt, single 2-6 5-10 

Asphalt, 3 and 4 strip 1-4 3-6 

Asbestos, single 3-8 5-12 

Slate, single 3-8 5-12 

Metal, single 3- 6 5-10 

Tile, clay 4-10 6-16 

Metal 3- 9 6-15 

Asphalt roll roofing 0.5-2 1-3 

Canvas, laying canvas 1.5- 2.5 

Painting, per coat 0.5- 1.5 

Composition felt and tar or asphalt: 

2-ply and 2-coat 2 — 4 

2- ply and 3-coat 2.5—5 

3- ply and 3-coat 3 -6 

3- ply and 4-coat 3.5-7 

4:-ply and 4-coat 4 — 8 

4- ply and 5-coat 4.5- 9 

5- ply and 5-coat 5 -10 


1 coat gravel or slag 0.5- 1.5 

1 coat tar or asphalt 0.5— 1.5 

Metal, tinned, soldered, 14 X 20 6 - 9 8-14 

20 X 28 4 - 7 6-10 

Tinned, seamed, 14 X 20 5 - 7 6—12 

20 X 28 3 - 6 5-9 

Crimped and corrugated on wood sheathing 0.5— 1.5 1—3 

On metal frame 1.0- 2.5 2-5 

Roofing paper and felt 0 . 5- 1 . 5 1-2.5 


Tables 10-7 and 10-8 give approximate labor required for 
different kinds of roofing and flashing work. The labor-hours 
given refer to work on buildings of about two or three stories or 
less in height. For multistoried buildings, additional labor time 
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must be alloTved for hoisting materials to the roof. From 0.2 to 
0.5 additional labor-hours per square per story may be required, 
depending on the materials used and hoisting equipment avail- 
able. If materials have to be carried by the men, 0.4 to 1.0 
additional labor-hours per square per story may be needed. 


Table 10-S. — Apps oxtm at e Labor-hottbs Required for Roof Flashing 

AND Triix 


Kind of work 

TJnit of 

{ measurement 

1 

{ 

Labor- 

hours 

Ridges 

( 

1 100 lin. ft. 

1 

- 3 

Valievs 

1 100 lin. ft. 

f 1 

- 3 

Flashing 1 

1 100 hn. ft. 

! 3 

-10 

Flashing 

j 100 shingles or pieces 

1 3 

- 8 

Gutters 

j 100 lin. ft. 

! 0 

— 5 

Downsnouts 

i 100 lin. ft. 

1 2 

— 5 

ilisceUaneous items 

■ Each ! 

1 0, 

.1- 1.0 


When the sheet-metal work is let as a subcontract, the esti- 
mator may use the subcontractor’s figures and will not need to 
makp his own estimate of materials and labor for this work. 

Diagram 10-6 (page 617) may be used for estimating labor costs 
of roofing per square or per 100 lin, ft. 

18. Equipment, — The equipment required will varj* with the 
kind of roofing and the conditions on the particular job. 

Shingling. Hand tools, strips for footholds, ladders, and . 
sometimes hoists and scaffolds. 

Tile. About the same as for shinghng job. 

Asphalt roll. Hand tools, including brushes, ladders, some- 
times snecial shoes with rubber or nonskid soles, and sometimes 
hoists and scaffolds. 

Canvas. Hand tools, ladders, painting tools. 

Composition. Hand tools, brushes, heaters, pails, ladders, 
and sometimes hoists. 

IMetal. Hand tools including metal shears, special tools for 
bending seams, soldering outfits, ladders, and sometimes scaffolds 
and hoists. Corrugated and crimped roofing irill not require 
seaming or soldering tools. 

Hoofing paper and felt. Hand tools, ladders, and sometimes 
scaffolds and hoists. 
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Overhead costs are usually higher for roofing than for other 
carpenter work because of the higher rates for compensa- 
tion insurance. About 40 per cent of all labor costs will 


be assumed for overhead, or 40 per cent of S60 = $ 24 

Equipment costs will be low for a job of this ske. 

About $7 will be assumed for roofing and S3 for eaves 

troughs and downspouts = S 10 

Profit will be taken as 10 per cent of all other costs. 

10 per cent of $307 = 31 

Total estimate = S33S 


This estimate maj’’ be tabulated as follows, using 13.3 squares of roofing 
and 232 lin. ft. of trim. 


Item 

Eaves troughs and| 

downspouts 1 

1 

All roofing 

Total 

Per 100 1 
lin. ft. 

Total 

1 

Per 

square 

1 

Total 

! 

Materials 

$13.37 

$31 

$13.68 

$182 

$213 

Labor 

3.02 

7 

3.98 i 

53 

60 

Equipment 

1.29 

3 


7 


Ch- erhead 

1.29 

3 

1.58 1 

21 

24 

Profit 

1.73 

4 


27 

31 

Total 

$20.70 

$48 ' 


$290 

$338 


Usually, this estimate would be divided into one for the roofing and another 
for the eaves troughs and downspouts, as indicated in the tabulation. 

Diagrams 10-5 and 10-6 may be used for checking material costs for 
slungles and labor costs per square if desired. 

Asphalt-strip Shhigle Roof . — Prepare a cost estimate of covering the 
residence roof in the preceding illustrative estimate, using a good grade of 
asphalt-strip shingles (three tab) and placing a layer of roofing paper 
between the wooden sheathing and the shingles. Cost of eaves troughs 
and downspouts will be the same as before and will not be repeated here, 
hlaterials. Area = 1,330 sq. ft., or 13.3 squares. Price of shmgles of 
grade selected by owner is $2.75 per bimdle covering 33hi sq. ft., or 
$8.25 per square. Bvmdles required = 13,3 X 3 = 39.9, or 40. 

Allowing 7 per cent for waste, fitting, and 2 laj^ers at eaves. 


bimdles required wiU be 43. $2.75 X 43 = $118 

Nails at about 4 lb. per square. 4 X 13.3 X $0.06 = 4 

Flashing around chimney, saj’- = l 

hletal ridge, as before = 4 

Roofing felt, 13.3 squares will take 4 rolls of 432 sq. ft. each at 

$2.45 per roU for the 15 lb. weight = 10 

Tacks for the felt, at $0.15 per square = 2 

Roofing materials SI 39 
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-■^3out 4 iir. of Isbor per squiire should be sufficient for liv- 
ing roofing paper, strip shingles, flashing and metal ridge. Labor 
cost = -SI X 4 X 13.3 
Overhead at 40 per cent of labor cost of $53 
Equipment, about 
Profit at 10 per cent of -$220 


Total cost i'‘^42 

This may be tabulated as follows, using 13.3 squares of roof. 

Cost per Total 

Item Square Roofing Cost 

Materials $10.46 $139 

Labor 3.9S 53 

Equipment 0.53 7 

Overhead 1.5S 21 

Profit 1.65 22 

Total SIS. 20 $242 


If desired, Diagram 10-2 may be used for checking shingle costs per 
square and Diagram 10-6 for labor costs per square. 

Asphalt-roll Roof . — Prepare a cost estimate for covering a bam roof 
measuring 44 by 96 ft. over all with 6o-lb. mica-finished asphalt roofing 
laid directly on wooden sheathing. Cost of roofing per roll with nails and 
roofing cement included is $2.65 per roll of lOS sq. ft. delivered at the job. 

ilaterials. Roof area = 44 X 96 = 4,224 sq. ft., or 42.24 squares. 

Allow about 4 per cent for end laps, extra lap at ridge, and for 
edges and waste. This gives 42.24 X 1.04, or about 44 squares. 

Cost of materials = $2.65 X 44 = $117 

Labor. This material may be laid quite rapidly on a simple roof. 

About 1 hr. per square should be sufficient, or 42.25 labor- 
hours. By assuming 1 carpenter at -$1.25 per hour and 1 helper 
at $0.75 per hour, labor cost will be 3-^{31.25 -j- $0.75) X 42.25 


squares 



= 42 

Equipment cost wiU be small, say 



= 4 

Overhead, at 35 per cent of labor cost 



= 15 

Profit, saj" 8 per cent of all other costs (-S174) 



= 14 




= $192 

This may be summarized as follows for 42.25 

squares; 




Cost per 

Total 


Item 

Square 

Cost 


Materials 

$2.77 

$117 


Labor 

1.00 

42 


Equipment 

0.10 

4 


Overhead 

0.35 

15 


Profit 

0.33 

14 


Total 

$4.55 

$192 



If desired. Diagram 10-1 maj' be used for checking the materials cost per 
square, and Diagram 10-6 the labor costs. 
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Corrugat£(Nsteel Roof . — Prepare a cost estimate for covering the barn 
roof of the preceding illustrative estimate with corrugated galvanized-steel 
roofing of No. 2S gage and 26 in. wide. The roof is 96 ft. long and has a 
central ridge running lengthwise. No. 2S gage corrugated galvanized 
roofing 26 in. wide costs $0,125 per line.al foot in standard lengths, delivered 
at the job. Lead-headed nails 1.75 in. long cost SO.IS per pound. Gal- 
vanized ridge costs SO.SO per 10 lin. ft. Finials or ends cost S0.35 each. 

Materials. The length of roof from eaves to ridge is 44 -t- 2, or 22 ft. 

This length wfil take one 12-ft. length and one 11-ft. length, will 
allow for more than enough end lap, and will permit the ends to 
extend an inch or so beyond the sheathing at the eaves. 

Number of 12-ft. strips will be (96 2 ft. net width) X 2 sides 

= 96 

Nimiber of 11-ft. strips AviU be (96 2 ft. net width) X 2 sides 

= 96 

Total lineal feet of corrugated steel = 96 X 12 -f 96 X 11 = 


2,20S ft. 

Cost of corrugated-steel roofing = S0.125 X 2,208 = S276 

Length of ridge = 96 ft. Use 10 strips 10 ft. long, allowing for 
laps. Use 2 ends or finials. Cost will be 

sp.so X 10 -b S0.35 X 2 =9 

Nails, say 50 lb. at SO.IS = 9 

Total materials = $294 


Labor. Labor maj*^ be estimated per sheet, per square, or per 100 
lin. ft. About 1 hr. per square or about 2 hr. per 100 lin. ft. 
should be sufficient as no cutting or fitting is required. 

2,208 lin. ft. at 2 hr. per htmdred gives 44 hr. 

Add 1 hr. for ridge. Total labor = 45 hr. 

This job could be handled by 1 metalworker and 1 helper or by 
2 metalworkers. Assuming 1 metalworker at $1.25 per hour 
and 1 helper at $0.75 per hour, the labor cost will be 


M(l-25 -b 0.75) X 45 hr. = $ 45 

Equipment costs for this job should be low, say = 4 

Overhead at 35 per cent of labor costs of $45 = 16 

Profit at 8 per cent of other costs (-$359) = 29 

Total cost = $3SS 


This estunate may be itemized as follows for -12.25 squares: 


Cost per Total 


Item Square Cost 

Materials $6.96 $294 

Labor 1.07 45 

Equipment 0.10 4 

Overhead 0.3S 16 

Profit 0.69 29 

Total $9.20 $388 
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LATHING AND PLASTERING 
A. LATHDiG 

1. Lathing. — ^Lathing estkaates include materials. labor, eouip- 
ment. overhead, and pronr. The unit of measurement for 
lathing work is usually the square yard (9 sq. ft.), though in 
some instances such units as the square foot, 100, or 1,000 so. 
ft. of surface area : the square yard or 100 sq. yd. of surface area; 
100 or 1.000 v.-ood lath: 1 or 100 sq. ft., one piece, or 100 Ib. 
of vrire lath; one piece or 100 sq. ft. of surface area of plaster 
board have been used. Furring, comer bead, etc., is usually 
C'StinmtC'd by the lineal foot, 100 lin. ft. being common. When 
preparing lathing estimates, the estimator should be familiar 
vrith the local trade practices. 

2. Materials. TT ocd Lain . — ^Wood lath vary in price according 
to time, locality, kind of trood, and vridth and length of lath. 
Wood lath are usually sold by the thousand or by the bundle of 
100 lath. Common lengths are -32 and 4S in., stated vridths are 
1 and 1.5 in. (actual tvidths >| and If 5 in.), and thicknesses are 
0.25 and 0.375 in. The most common size appears to be 0.375 
by 1.375 in. in size (sometimes called fs 07 iind AS in. in 
length. Lath are usually placed fs in. apart so that a Ifs-in. 
lath covers If f in., and the Js-bi- lath covers 1}^ in. As the 
lathing area is usually *' taken off '' in square yards, the number of 
latb required per square yard must be known. Prices of wood 
latb may vary from about -S9 to §30 per 1,000 lath, depending on 
width, thickness, length, and quality. When preparing the 
estimate, prices should be obtained from the dealers from whom 
the lath is to be purchased. The nails are usually of 3d (3 penny) 
weight, and blued hnish is preferred. These nails will average 
about 600 or a little more to the pound. 

Table 11-1 sives the sizes of wood lath, the munber required 
oer square vard, and the nails required per 1,000 lath. Ii the 
net yardage (all ooenings deducted) is given in the take-ott. 
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5 to 10 per cent should be allowed for lath waste. If small 
openings are not deducted, then no waste allowance need be 
added for the lath. The quantities of nails specified allows for 
waste. 


Table 11-1. — Wood-lath Materials 


Size of lath, 
inches 

Nailing 
centers, inch 

Lath per 
square yard 

Nails, pounds 
per 1,000 
laths 

Nails, pounds 
per 

square yard 

1 by 32 

16 

26 

7 

0.18 

1 by 48 

12 

20 

13 

0.26 

1 by 48 

16 

20 

10 

0.20 

1 , 5 by 48 

12 

15 

13 

0.20 

1.6 by 48 ^ 

16 j 

15 

10 

0.15 


Plaster Board . — Plaster board comes in various sizes and 
thicknesses. Common thicknesses are 34, M, and 34 in., widths 
are 18, 24, 32, 36, and 48 in., and lengths are from 2 to 12 ft. 
The width or length should be such that the boards will fit 
12- and 16-in. nailing centers without cutting and waste. The 
size should be such that one board may be readily applied by 
one man. Weights may vaiy from 6 to 25 lb. per square yard, 
depending on material and thickness. If net areas are given in 
the take-off, 5 to 15 per cent should be allowed for waste. The 
waste will increase with the number of openings and jogs to be 
framed. 

Plaster board may be sold by the board (thickness, length, and 
width specified) or by 1,000 sq. ft. with thickness given. Prices 
per 1,000 sq. ft. vary from about $30 to ISO, depending on thick- 
ness and quality. Finishing nails about 3d (3 penny) weight are 
often used. From 0.15 to 0.18 lb. of nails will be required per 
square yard for nailing centers 16 in. apart, and from 0.20 to 
0.24 lb. of nails per square yard for 12-in. nailing centers, with 
allowance for waste. 

Estimates for plaster board are usually based on the square 
yard, though the square foot, square of 100 sq. ft., or 1,000 sq. 
ft. may be used. 

Metal Lath . — ^The general function of metal lath is to form a 
support, backgz’ound, or base on which plaster or stucco may be 
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100 sq. yd. for the 2.2 Ib. per square yard weight, and from $20 
to S45 per 100 sq. yd. for the 3.4 lb. per square ysxvd weight, 
depending upon whether the lath is painted or galvanized and 
upon the locality. At the present time lylb), approximate 
prices of diamond-mesh metal lath are as follows: 


Kind 

Weight per 
sq. yd., 
pound 

Cost per 
100 sq. yd. 

! 

Painted black ■ 

o 0 

SlS-35 

Painted black ' 

3.0 

25-10 

Galvanized 

2.5 

25-40 

Galvanized 

3.4 

30-45 




The metal lath may be apphed to wooden studs and beams, to 
wood furring strips, or to metal furring strips. If furring is 
required, this is usually estimated separately. 

For ordinary metal lath applied to wood, about 1 lb. of nails or 
staples will be required for each 15 to 20 sq. yd. of lath. The 
nails should be about 1 in. long and should have large flat heads, 
say about 3^ in. in diameter. Nails should be spaced about 
every 6 in. Some constructors tie the sheets of metal lath about 
every 6 or 8 in. along the laps, using a galvanized wire of 
about No. IS gage. 

Galvanized metal lath of the hea^'ier weight should be used for 
exterior plastering and stuccowork. 

When the expanded metal lath is carefully bent around comers 
and all joints (especially at comers) are lapped and wire tied, no 
comer reinforcement is required. 

When manufactrrring expanded metal lath, the sheets are 
usually cut to some exact size, though sometimes the sheets are 
made or cut a little large to allow for laps of about 1 in. The 
length of the sheets is 8 ft. and the widths vary. 

Furring. — ^Wooden or metal furring may be required when 
lath is to be placed on brick or concrete walls. Wooden furring 
usually consists of 1- by 2-m. strips of pine or spmce spaced 
12 or 16 in. on centers. Both wood and metal lath may be 
apphed to wood furring. The wooden furring is usually esti- 
mated per 100 hn. ft., about 11 hn. ft. with 12-in. spacing, or 
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S lin. ft. with 16-m. spacing, being required per square yard of 
lath, with allowance for w'aste. 

:MetaI furring may consist of %-m. steel channels fastened to • 
the inasoniy or other surface by hangers or bars or plugs, as the 
case may be. From 5 to 15 lb. of metal furring may be required 
for each square j'ard of metal lath, depending on the amount 
and comple.xity of the framing. About 10 per cent should be 
allowed for waste. 

Grounds . — Grounds are wooden strips, usually about 1, 2, or 
3 in. in width and of vaiying thicknesses, depending on the 
thickness desired for the lath and plaster. Common thicknesses 
of grounds are about as follows; 

.. ^ Plaster, Grounds, 

Item . , 

coats I inches 

! ! 

Wood lath. . . 

Metal lath. . . 

Brick and tile 

Plaster board. 


Grounds are carefully placed around all openings and along the 
bottom of walls near the floor so as to serve as a gmde for the 
sturface of the plaster. Grounds are placed directly on the fram- 
ing in wood construction, and the lath or plaster board butts up 
against the grounds. Sometimes the grounds are placed over 
the plaster board. Grounds are usually placed over the brick 
or tile in this type of construction. 

Corner Beads.^— Comer beads are frequently used to protect aU 
comers and edges. !^Ietal comer bead is usually priced per 
100 lin. ft. Standard comer bead comes in 6, 8, or 10 ft. lengths 
and may cost S3 to So per 100 lin. ft. E.xpansion comer bead 
may cost SI to S6 per 100 lin. ft. 

Corner Reinforcenieni . — Comer remiorcement, made of strips 
of expanded metal lath may cost S2 to per 100 lin. ft. Comer 
reinforcement is usuall 3 ' required when wood lath or plaster 
board at base is used. It is not required with expanded metal 
lath when this lath is bent or lapped and wire tied at the comers. 


l2 

5' Z/, 

f /A* v' « 

h 

: 3,< T 

/■l: i 

3 

. 5' 3^ 

' /'Sr y-i 

32 


/3 

' 5C 2^ 

32 

, to 1 

(Z 

i % to IH 
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Diagrams . — Diagrams 11-1, 11-2, and 11-3 (pages 618, 619, and 
620) may bo used for estimating lathing materials. The diagrams 
for wood lath and plaster board include a reasonable allowance 
for nails. 

3. Labor. — ^Labor costs of lathing will depend upon the time in 
hours required per square yard and the hourly labor wage. 
Hourly wages for lathers maj'- vary from about SI to $2. Fre- 
quently, the labor cost of lathing is based on the square yard, 
allowing a certain price per square yard for ordinary work with 
extras for special work. 

Wood lath arc usually applied by skilled lathers. If the apply- 
ing is done by carpenters, the time for applying 1,000 lath should 
be increased from 25 to 40 per cent, depending on the skill of the 
carpenter employed. The number of lath applied per hour will 
depend on the skill of the lathers, and on the particular job. 

When the labor cost of latiung is based on the area or on the 
number of lath, it is necessary to know how the yardage or 
number of lath is computed. Trade practices vary in different 
localities. The measurement of yardage may be based upon 
the following: 

1. Gross area. No deductions for openings. 

2. Net area. All openings deducted. 

3. Gross area less certain deductions. For example, in a 
certain locality no opening of less than 2 sq. yd. is deducted. In 
another locality, openings less than 2 ft. wide arc not deducted. 
In another location, half of the openings larger than 2 sq. yd. are 
deducted. 

4. Flat and curved work. Curved work is often estimated to 
cost twice as much as flat work. 

It is necessary for an estimator to study the practices in the 
place in which the job is located, and to govern himself accord- 
ingly when the work is to be sublet or paid for on a unit-price 
basis. 

If the contractor intends to employ the lathers himself and 
wishes to estimate accordingly, he should consider the actual net 
areas and make allowances for corners and other items. 

There arc so many kinds of metal lath that it is almost impos- 
sible to give accurate information in regard to the labor time 
required for applying every kind of metal lath under all the 
different conditions. The labor of applying metal lath will vary 
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with the diScult}" oi handliitg the materials, depending on the 
land of lath and the gage or weight. 

Wood furring and groimds are usually placed by carpenters, 
^letal furring and grounds may be placed by carpenters or 
lathers. Lathers usually place the comer bead and comer 
reinforcement. 

The follovring tables give approximate labor-hours required for 
apphing different kinds of lath and furring. 

T.OBia: 11-2. — L.’s.boh Raqnaao fob Appltts'g Woodsx L-vth 


TT c? ■■ Hr. per 

Hours per Sq. yo. ^ 

l.COO lath I Der hr. 

, sq. yd- 


4.0- 6.7 ' 6.0-10.0 10-17 

5.0- 10.0 5.0-10.0 ' 10-20 

4.5- S.O , 6.0-11.0 ! 9-17 

5.5- 11.0 ' 6.0-11.5 I 9-17 

5.0- 9.5 7.0-13.0 I S-15 


T.vslt 11-3. — ^L.^.Bo?. RzgcTHFO for Appltixg Plastfb Bo.iBD 


Sq. ft. Sq. yd. Hr. per 

per hr. per hr. ^ lOO sq. yd. 


12 9-19 55-110 6-12 j S-17 

16 S-17 60-135 7—15 7—15 


TjLBia: 11 - 4 . — ^I_V 30 S RFgnsBD fob Applying Mbt.vl Lath ox Wood 

FrBHIXG 


XadiEg Hr. per 

centers, in. l.OOO sq. ft. 


Sire of lath, in. 

1Z2. 

Lith 
per hr. 

1 bv 32 

16 

150-250 

1 bv 4S 

12 

lCO-200 

1 bv 4S 

16 

125-225 

1 .5 bv 4S 

12 

£0-175 

1 .5 bv 4S 

16 

105-2C0 



^ Sq. yd. 

per hr. 

Hr. 
100 s 

per 
q. yd. 

Hind oi work 

1 

12-in. 

• nailing 

16-ia. 12-in- 

nailincr r nailincr 

16-La. 

nailing 


► centers 

centers 

centers 

centers 


..1 7-10 

9-13 

10-15 

S-11 


> f 

. 0“ ti 

4— 5 

24^32 

20-25 


..‘ 5-9 

S-12 

10-lS 

S-12 

Paneled, arched, or groined ceilings. . 

5-7 
..| 3-4 

6-10 
4- 5 

14-20 

24-32 

10-16 

lS-26 

Simple coves and cornices 

.. 3-5 

3- 4 

4- 7 
3- 5 

21-30 

25-35 

15-24 

20-30 


k 
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Table 11-5. — ^L.vbor Required for Applying Metal Lath on Metal 

Furring 


Kind of work 

Sq. 3'd. 

per hr. 

Hr. per 100 
sq. yd. 

12-in. 

nailing 

centers 

16-ln. 

nailing 

centers 

12-in. 

nailing 

centers 

16-in. 

nailing 

centers 

Walls and partitions 

5-10 

S-11 

10-18 

9-13 

Columns 

3- 4 

3- 5 

25-35 

20-30 

Flat ceilings 

5- 8 


12-20 

10-15 

Paneled, arched or groined ceilings 

4- 7 

5— 8 

15-24 

12-18 

Beams and girders 

3- 4 

4- 5 

24-32 

20-25 

Coves and cornices 

3- 5 

4- 7 

22-30 

15-24 

Comple.x cornices 

3- 4 

3- 5 

25-35 

^ 20-30 

1 


T.able 11-6. — Labor Required for Applying Furring .vnd Grounds 


Kind of work 

Hr. per 
100 lin. 
ft. 

Hours 
per 100 
lb. of 
metal 

Hr. per 100 
sq. yd. 

12-in. 

nailing 

centers 

16-in. 

nailing 

centers 

Wood furring on wood 

1.0-1. 6 

! 

9-18 

7-14 

Wood furring on brick or tile 

1. 5-3.0 


16-35 

12-25 

Metal furring, alone (^-in. channel) . 

1. 5-3.0 

3- 6 

16-35 

12-25 

Metal furring, with ties and bars 

3. 0-5.0 

8-12 

35—55 

25-40 

Wood grounds ' 

1. 5-4.0 




Metal corner beads ' 

3. 0-5.0 




Metal corner reinforcement 

1 

2. 0-3. 5 





Diagrams . — Diagram 11-4 (page 621) may be used for estimating 
labor costs of lathing, and Diagram 11-5 (page 622) for labor costs 
of placing, furring, corner beads, and reinforcement when reason- 
able rates of work may be assumed. 

4. Equipment. — ^Wooden horses, platforms, plank, and scaf- 
folding are required on aU lathing jobs. The proportionate cost 
(depreciation and repairs) of this equipment should be charged to 
the job. Transportation costs to and from the job must be 
included. If scaffolding is to be erected and taken down by 
other labor, this labor cost must be included. For a small lathing 
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job, like that for a residence, probably an allowance of §5 for 
the material and -$10 for trucking would be enough. For metal 
lath and furring, metal punching shears and perhaps bending 
and other special tools v.-ill be needed. The costs of such tools 
should be included in the estimate. 

5. Overhead and Profit. — Overhead on lathing jobs is usually 
based on labor costs and may vary from about 20 to 40 per cent 
of labor costs, or from 10 to 25 per cent of the cost of materials 
and labor. 

Profit may range from about 5 to 15 per cent of aU other costs. 

6. Lathing Estimates. — The estimate for the total cost of 
lathing should include the following: 

Materials. Lath, nails, and staples. Plaster board and nails. 
Comer beads and comer reinforcement. Furring, if this must 
be provided. Proper allowances must be made for waste. 

Labor. All labor including helpers and foreman (if pro\'ided). 

Equipment. All equipment costs. 

Overhead. Based on labor costs or on the stun of material 
and labor costs. 

Profit. 

Unit costs per square yard should also be computed based on 
the actual net yardage. Unit costs per 1,000 lath, or per square 
of 100 sq. ft. may be computed if desired. 

7. Illustrative Estimate. — Prepare a lathing estimate (1) with wood lath, 
12) with plaster board, and (3) vdth wire lath, for the dovi-nstairs rooms of a 
residence. The dimensions of the rooms and openings are as follows: 

Li\'ing room: 12 by 20 by S.5 ft. high. 

2 triple windows, 5 bj* S ft. each. 

2 windows, 3 by 5 ft. each. 

1 double door, 5 bj' 7 ft. 

Dining room: 12 by 1-i by S.5 ft. high 

1 triple window, 5 by 8 ft. 

1 double door, 5 bj' 7 ft. 

1 single door, 3 bj" 7 ft. 

10 by 12 by 8.5 ft. high. 

1 double window, 5 by 5 ft. 

2 doors, 3 by 7 ft. each. 

8 by 10 by 8.5 ft. high. 

2 double doors, 5 by 7 ft. each. 

1 outside door, 3.5 by 7 ft. 

1 closet door, 2.5 by 7 ft. 

4 by 4 by 8.5 ft. high. 

1 door, 2.5 by 7 ft. 


Kitchen: 

Had: 

Closet: 
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The foUoTving data are assmaed: 

Wage of lathers is $1.20 per hour. 

.An allotraace of $15 for equipment. 

An allo'iTance of 23 per cent of labor costs for overhead. 

An allowance of S per cent of all other costs for proht. 

Grounds were placed bt' carpenters. 

Xailmg centers are of wood and are spaced 16 in. on centers. 

Xo furring is required. l\o comer bead required. 

Comer remforeement required for all comers tvithout exception. 

Prices of materials are as follows: 

Wood lath, by 1.5 by 4S in., $16 per 1,000 lath. 

Plaster board, 2 bt* 4 ft. with grooved edges, $4.3 per 1,000 sq. ft. 

Wire lath, 2.2 lb. per square t'ard, blach painted, $32 per 100 =q. yd. 
Comer reinforcement expanded metal lath, $2.25 per 100 lin. fn 
Comer bead, $3.50 per 100 lin. ft. 

Kails, $0,055 per pound. 

Pesults wanted are the costs of materials, labor, equipment, overhead, 
pront, and totals per square j'ard and for the job. 

Solution: 

Yardage equals 




CtH- 

Open- 



Room 

Walls 

iag 

ings 


Net 

Living room, 

50.5 - 

- 26.7 

- 16.1 = 

71. 

2 sq. 

Dining room. 

49.1 - 

- 13.7 

- 10.7 = 

57, 

1 

Eltchen, 

41.6 - 

- 13.3 

- 7.5 = 

47, 


Hall, 

34.0 - 

- 3.9 

- 12.4 = 

30. 

5 

Closet, 

15.1 - 

- 1.3 

- 2.0 = 

14. 

9 

Total 



= 

221. 

0 so. 


1. Wood lath. Ktimber = 15 X 221 = 3,315. 

Add 10 per cent for waste, giving a total of 3,650 lath at 
$16 per 1,000 

Nails at 10 lb. per 1,000 lath, say 37 lb. at $0,055 
Comer reinforcement = 9S -f- 36 -r 73 -r 70 -r 50 = 332 ft. 
Allow about 5 per cent for waste, giving about 400 lineal feet 
at $2.25 per 100 
No comer bead needed 
Total materials 

Labor installing lath at about 7 hr. per 1,000 lath, or about 11 hr. 

per 100 sq. yd, will require about 34 hr. 

Labor applying comer reinforcement ax about 2.5 hr. per 100 lin. 

ft. will require about 10 hr. 

Total labor = 34 at .$1.20 
Equipment, as stated 
Overhead, 28 per cent of $41, or 
Profit, S per cent of all other costs, ox 

Total esrimated cost of wood lath. = 
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A unit cost of 30.67 per square 5 ’ard. 

This is high because of the comer reinforcement required. 

2. Plaster board, 221 sq. yd. = 1.989 sq. ft. 

Adding 10 per cent for ivaste gives about 2,200 sq. ft. 

Cost of plaster board at .$48 per 1,000 sq. ft. = S106 

Nails, about 37 lb. at $0,055 = 2 

Comer reinforcement as before = g 

Total materials = ,$117 

Labor, say 10 hr. per 100 sq. yd. will require 22 hr. 

Labor applying comer reinforcement, probabh' a httle less than 
before, say 8 hr. 

Total labor = 30 hr. at $1.20 = $ 36 

Equipment, as stated = 15 

Overhead, 28 per cent of $36 = 10 

Profit, 8 per cent of $178 = 14 

Total = $192 

A unit cost of about $0.87 per square yard 

3. Metal lath, 221 sq. yd. Add 12 per cent for waste and laps, 

giving a total of 247 sq. yd. 

247 sq. yd. at $32 per 100 sq. yd. = S 79 

Nails, 1 lb. for every 15 sq. yd., say 15 lb. at $0,055 = 1 

Comer reinforcement, is not needed 

Total materials = S 80 


Labor, about 11 hr. per 100 sq. yd. of surface, will require 24 hr. 
This allowance is a little high to allow for bends and laps at 
comers. 

Total labor 24 hr. at $1.20 
Equipment, as stated 
Overhead, 28 per cent of $29 
Profit, 8 per cent of $132 
Total 

TJnit cost of about $0.65 per square yard. 

These three estimates may be summarized for comparison. 


= S 29 
= 15 

= 8 

= 11 

= ^3 



Cost per square j-ard 

Total costs 

Item 

Wood 



Wood 

Plaster 

iletal 


lath 



lath 

board 

lath 

Materials 

$0,317 

$0,529 

$0,362 

$ 70 

$117 

$ SO 

Labor 

i 0.185 

0.163 

0.132 

41 

36 

29 

Equipment 

0.068 

0.068 

0.068 

15 

15 

15 

Overhead 

0.050 

0.045 

0.036 

11 

10 

8 

Profit 

0.050 

0.053 

0.050 

11 

14 

11 

Total 

$0,670 

$0,868 



$192 

$143 
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Nozs that if comer reinforcenieiit "^ras noi used, me rotal esnmates for 
xhe 'trood lath and plaaier hoard Trotild he rsdiiced ahont -S24 and S21, 
respectiTely. 

If desired, the nmt costs of materials and labor may he found from 
Diagrams 11-1 to 11-5. 

Diagram 11-1 ^res the niuT cosx of irood lath and nails (1,5 hy 4S im 
iriih 10 per cent Traste at SI 6 per 1,000) as S0f275 per square yard. Tot 
221 sq. yd., S0.275 X 221 = -Sol for lath and nails, compared -irith S61 
in the numerical estimate. 

The unit cost of plaster hoard and nails is mr-an in Diagram 11-2 as 
f0.4S5. Tor 221 sq. yd., S0.4S5 X 221 = ?107, compared -vrith SI OS. 

The nnit cost of metal lath and nails is grren in Diagram 11-3 as S0.37 
per square yard, SO-37 X 221 = SS2 compared nith SSO. 

Dahor costs for — ood lath, at 11 hr. per 100 sq. yd., is ^ren in Diagram 
11-4 as .$0,132 per sqnare yard. Tor comer ranforcement, Ddagram ll-o 
^res, for 2.5 hr. per 100 lin. ft., $0.03 per lineal foot. 

Total labor cost = $0,132 X 221 4- $0.03 X 400 = $29 -f .312 = -$41, 
-which agrees mth computations. 

Lahor costs for plaster hoard ax 10 hr, per 100 sq, yd. is ^ren in Diagram 
11-4 as $0.12 per square yard. Tor comer remforcement, Diagram 11-5 
gives, for 2 hr. per 100 lin. ft,, $0,024 per lineal foot. 

Total labor cost = $0.12 X 221 -f 0.024 X 400 = .$25.50 -f 9-50 = $36, 

which agrees -with the computed value. 

Lahor costs for metal lath, at 11 hr. per 100 sq. yd., is given in Diagram 
11-4 as $0,132 per square yard. Total lahor cost = $0.1.32 X 221 = .$29, 
which agrees with the computed xalue. 

3. PLASTEPJI^G 

8. Plastering. — ^Plasteiiiig estimates incltide materials, labor, 
eqtupmeBt, orerbead, and profit. Tbe mfit of measnremeiit for 
plastering is nsnally tbe square yard (9 sq, ft.), tbongb sometimes 
tbe square foot or square of 100 sq. ft. is used, Tbe yardage 
may be based on net area, on gross area, or on gross area less 
large openings, witb allowances for special and dimeult woxb. 
Tbe unit of measurement for special molding is usually tbe lineal 
foot, wiib width ^xen, Tvben tbe molding is orer 1 ft. tride, or 
wben tbe molding extends oxer a eonriderable area, tbe sq-uare 
foot or square yard may be selected as a unit. TTben preparing 
plasieiing estimates, tbe esrimat-or should be familiar with the 
local trade practice. 

Plastering work may be elasafied as to interior or exterior 
work, as to tbe number of coats appbed (one, two, or three), as 
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to the materials used, as to the surface finish, or as to the type of 
surface on which the plaster may be applied. 

The cementing materials for interior plaster are usually lime, 
gypsum, and plaster of paris. For exterior plaster, or “stucco,” 
Portland cement or magnesite may be used. 

When plaster is applied to lath, three coats (scratch, brown, 
and finish) are usually required, though in some instances only 
two coats are used. When applied to brick, tile, or plaster board, 
two coats (brown and finish) are usually sufficient, though in some 
instances one coat or three coats may be required. Sometimes 
state or loal codes specify the number of coats to be used. 

9. Materials. — ^There are a munber of “plasters” and plaster- 
ing materials on the market, each of varying cost, diffei-ent 
covering capacity, and different method of application. There 
are also a large number of plaster finishes. As it is obmously 
impractical to attempt to discuss aU these in this te.xt, only the 
more common types will be considered. 

Before preparing material estimates for plastering, the esti- 
mator should familiarize himself with the various kinds of plaster 
materials available in his market, their cost, covering capacity, 
workability, etc. 

Interior Plaster. — ^In three-coat work, applied to wood and 
metal lath, the scratch coat must be sufficient to fill the space 
between the lath, form clinches back of the lath, and cover the 
front of the lath. The thickness of the front covering may vary 
from about to /'S in. for wire lath to % to K tor wood lath. 
When applied to plaster board or to brick or tile, the thickness 
is about 34 in. The brown coat in three-coat work is usually 34> 
%6 j or % in. thick, the 34-in- thickness being common. The 
finish coat may be 346 or 34 in. thick, the 34-in. being preferred. 

In two-coat wnrh, the base or scratch coat may vary in thick- 
ness from 34 to % in. Enough material must be provided to 
give this thickness and to fill spaces and form clinches when 
placed on lath. The finish coat may be 346 to 34 in- thick. 

The sum of the thicknesses of the plaster coats plus the thick- 
ness of the lath or plaster board (if used) must be equal to the 
thickness of the grotmds. 

When computing quantities of plaster for the scratch coat, no 
allowance may be made for the space occupied by metal lath as 
this is offset by the plaster required for clinching, an allowance 
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equal to ~half the tlaekness of the ivood laiL maj te made and 
liaTe enough plasier xo nil spaces befxeen lie lath and lo form 
clinchers, and an allotrance equal to the thichness of tie plaster 
board may be made ~hen this plastter-board bxiits against the 
grounds- 

Ihe mix used for the scratch coat is tisuallj a 1 to 2 or a 1 to 3 
mix by Toltime- When patent hard ttall, gypsnna, and other 
prepared plasters ~eighing about 100 lb. per etibic foot are used, 
a 1 to 2 or a 1 to 3 mix by ttcight is eqtially satisfactory. Tie 
richer mix (1 to 2j is often preferred on acconnt of its greater 
strength. 

The mix for the brotvn coat (in three-coat trcri) may be a 1 to 2 
or a 1 to 3 mix by volume, or a like mix by vaght vhen the 
cementing materiai — eighs about 1 00 lb. per cubic f oot. The 1 to 
3 mix is preferred by many, though other plast.erers prefer to 
keep the mixes the same for both the scratch and brottn coats. 

The mixes for the hnishing coats vary consderahly. Ter a 
mhite lime hnish, a voltime mt-r of 2 parts lime to 1 part plasiver 
of paiis may be used, or a meight mix of aboni 2 To. hydrated 
lime to 1 ih. plaster of pairs. In nang a gjrpsum or other pre- 
pared plaster and sand hnish, the proponions are abonx 1-2 
either by Toltims or by meight. 

Tables 11-7 and 11-3 ^ve information as to the on antities of 
mateiial required for vaiiotis plaster coats of —sjjing thickness 
fox 100 sq. yd. of plaster surface. Sy alloving about 6.7 per 
cent for traste and unevenness of surface, about 5 cm ft. of 
mateiial trill be required per 100 sq. yd. of surface for each Jis 
thickness of plaster. 


Txbxs 11-7. — A ■yps. mm.r a ' tv; QrxiriEnrT D? HscrtsiZ) tVB 100 

Sa. Ta. OF SrsFics 


Tt^ekness of pAsrsr, j 
^ 

i 

It 1 

1 

9 / 

y2 5 

i 

j 

y'-i y3.X>i 

1 1 1 

1 ' 

1 . 1 1 ’ 1 

1 i ' 1 1 

j TTS 1 yz > yS 1 ^ 

t ‘ ( ( 

1 

Co. fa of alaSbcr { 5 

Co. yd. of plaster 10. 19 

1 1 ! 

1 10 1 15 j 

10.3710. 53i 

1 i 1 

20 125 
1-74' 33 

! 1 i 

' I ! 

30 ; 40 I 50 so 70 j SO 

1.101.501,552.252.302.35 

1 ! . 1 i 


Table 11-9 rives informatiDn as to qnanriries of materials 
required for plaster mixes. As measurement by trri^x is more 
accurate than by volume, the ttri^ts are ^vem Hydrated 
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lime may come in bulk (ton lots), in 50-lb. sacks, or in barrels. 
G 3 rpsiim and other plaster cement usually comes in 100-lb. 
sacks. Plastering sand may weigh 2,400 to 2,700 lb. per cubic 
3 ’ard. Tabulated values are based on sand weighing about 
100 lb. per cubic foot. Hydrated lime, gypsum, and prepared 
piaster may weigh 50 to SO lb. per cubic foot. 


Tablt 11-S. — Ap?Boxiir.>T£ Qc-octitt of Plastfh Rfquihed fob Fnars'c 
Spaces ix Lath axd Phovtdecg Cijxchzes foh ICO Sq. Yd. 

OF SCHFACE 


Lath 

Size 

I 

Cubic feet of 
‘ plaster 

i 

I Cubic yards of 
^ plaster 

Wood lath 

- M hv 1 in. 

12 

0.45 


I Js bv 1 in. 1 

IS 

0.67 


f 4|bvlHm. 

9 

0.33 


! 2|byl)iin. . 

i 

0.52 

Metal lath 

' in. thick 

15 

! 0.56 


; in. thick ; 

20 1 

i 0.74 


i Hs hi- thick ' 

25 

, 0.93 


1 Js in. thick 

t 

30 

■ 1.10 

I 


When estimating materials for interior plaster, consideration 
must be given to the number of coats, the thickness of lath or 
plaster board, the thickness of the grounds, and the mises to be 
used. Then the thickness of each coat may be assumed, the 
number of cubic feet (or cubic yards) per 100 sq. yd. of surtace 
for each coat found from Tables 11-7 and 11-S, and the quantities 
of materials from Table 11-9. Then the various quantities (and 
their costs) required per 1 or 100 sq. yd. and the totals for the 
job may be tabulated. 

There are so many lands, varieties, and designs of ornamental 
plastering on the market that it is impractical to prepare any 
tables or diagrams for this kind of work. The quantities of 
materials can best be estimated after the plans and specifications 
have been carefully studied. The quantity of plaster may be 
first computed and then, knov.ing the mis; and the materials, 
the Quantities of the various' materials may be calculated. 

Diagrams 11-6 and 11-7 (pages 623 and 624) show the costs oi 
materials per 100 sq. yd. of surface when the paces oi the 



324 


CONSTRUCTION ESTIMATES AND COSTS 


materials are kno^vn and the quantities required per cubic foot 
may be reasonably assumed. 


Table 11-9. — Approximate Quantities of Materlals Required per 
Cubic Foot and per Cubic Yard for Plaster 


Kind of plaster 

Mix 

by 

wt. 

! 

Materials 

Quantities per 
cu. ft. 

Quantities per 
cu. yd. 

Ordinary lime for 
scratch and 
brown coats 

1 

1 

Hydrated lime 
Hair and fiber 
Sand 

40- 45 lb. 
0.07-0.10 bu. 
80- 90 lb. 

1,100-1,200 lb. 

2.0- 2.5 bu. 
2,200-2,400 lb. 

1 

Hydrated lime 
Hair and fiber 
Sand 

30- 33 lb. 
0.07-0.10 bu. 
90- 1001b. 

800- 900 lb. 
2.0- 2.5 bu. 
2,400-2,700 lb. 

Gj'^psum, hard, 
patent, or pre- 
pared for 
scratch and 
brown coats 

1-2 

Plaster cement 
Sand 

40-45 lb. 
80-90 lb. 

1 

1,100-1,200 lb. 
2,200-2,400 lb. 

1-3 

Plaster cement 
Sand 

30- 33 lb. 
90-100 lb. 

800- 900 lb. 
2,400-2,700 lb. 

White finish 

2-1 

1 

j 

Finish hy- 
drated lime 
Plaster of paris 

40-50 lb. 
20-25 lb. 

1,100-1,350 lb. 
550- 700 lb. 


GjT)sum, sanded. . 

1-2 

Gypsum 

Sand 

40-45 lb. 
80-90 lb. 

1,100-1,200 lb. 
2,200-2,400 lb. 

Keene’s 

■1 

Keene’s cement 
Hydrated hme 

40-50 lb. 
20-25 lb. 

1,100-1,350 lb. 
550- 700 lb. 


■ 

Prepared white 
finish 

1 


60-75 lb. 

1,600-2,000 lb. 





Extenor Plaster or Stucco . — ^There are three kinds of exterior 
plaster or stucco in common use; lime, portland cement, and 
magnesite. Lime stucco may not prove satisfactory in cold 
(freezing) climates and magnesite in wet climates. 

Lime stucco is a mixture of slaked or hydrated lime, sand, and 
sometimes other ingredients. 

Portland-cement stucco is a mixture of portland cement, a 
small amount of lime, sand, and perhaps other ingredients such 
as grit, crystals, or pebbles. 
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[Magnesite stucco is a mixture of a calcined and ground mag- 
nesite rock (magnesium oxide), sand, and other ingredients such 
as asbestos, grit, mi n eral colors, crystals, or pebbles. The liquid 
used is magnesium chloride. Magnesite stucco is sold imder 
various trade names such as KeUastone and Rockboimd. 

Stucco may be apphed directly to masonry such as rock, con- 
crete, brick, or tile vails, or it may be applied to metal lath 
furred out a shon distance from the vaHs. Wood lath is rarely 
used, except in dry climates, because of the effect of moisttue 
on the volume of the vood. 

Lime stucco is usually applied in tvo or three coats, no coat 
being less than 3a in. thick, and the total thickness of the coats 
being ^ in. to 1 in. The mixes for the scratch and brown coats 
maybe 1 to 2 or 1 to 3 by weight, and that of the finish coat, 1 to 2 
by weight. 

Portland cement stucco is usually apphed in two or three coats, 
no coat being less than 34 Li. thick, and the total thickness being 
about ^ in. or a little more. The mix for the scratch and 
brown coats is usually 1 to 2 or 1 to 3 by weights or voliune, and 
1 to 2 for the finish coat. 

[Magnesite stucco is usually apphed in two coats, each 34 
thick. This stucco usually comes with the dry materials ready 
mixed and in 100- or 200-lb. bags. 


Txszs. 11-10. — QrAXXcnzs of Mj.ts e i a xs EFQxnaHD pzh 
100 Sq. Yd. Foa a Stucco Coat Ix. Thick: 


Kind of srucco 

Mix by 

weight 

1 

Materials 

1 

' Quantity per 100 sq. yd., 

1 in. thick 

1 


1 1-2 

1 ^Lime 

1 SOO- 900 lb. 

Hvdrated lime i 

- 1 


^Sand 

1 ilime 

t IS cu. ft., or 1,600-1,800 lb. 

1 1-3 

f 

^ 600- 670 lb. 


iSand 

1 20 ca. ft., or 1,800-2.000 lb. 


i 

( I Cement 

'o-lO sacks, or 90O-l.(XX) Ib. 

Ponland cement 

L 

5 1-2 

1 

^Lime 
, / Sand 

1 SO- 100 lb. 

' 20 cu. ft., or 1,800-2,000 lb. 

1 

1 ( Cement 

6—7 sacks, or 600— 670 Ib. 


; 1-3 

[ L- 

i-'Ume 

(Sand 

60- 00 Ib- 

20 CU- ft., or 1,500—2.000 Ib. 

Magnesite stucco ’ 


Dry mixture' 

20 cu. ft., or 1.500-1,800 lb. 
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equipment should include transportation to and from the job, 
depreciation and maintenance on ordinar}' scaffolding and tools, 
and costs of special scaffolding, mixers, and hoists if these are 
used. 


Tasle 11-12. — A?PF*oxi:d.^.i E L\eo 2 REariiLED Ton Ex-iriuoa Pl-asteudcg 
AJCD StVCCO os PeaIX ScETACEs 


Kind of work 

Square va 
h'ou 

( 

rd= per 

Labor-hours p=r 
100 e-q. vdl 


Plasterer ' 

1 ' 

Helper 

Plasterer 

Helper 

Lime =iucco, 3 coati: 

Scratch ! 

i 

1 

i 12-20 

1 

12-20 

I 

o~ S 

5- 5 

Brown 

; 11-17 

11-17 

D- 9 

6- 9 

Fin'-h ^ 

' 7-12 , 

S— 1 1 . 

5-14 

6-12 

Portland ceinem, 3 coats: 1 

Scratch ' 

! 10-17 1 

10-17 , 

D— 10 

6-10 

Brotra ' 

j 7-12 - 

7-12 , 

5—14 

5-14 

Finish 

0-12 1 

S— 1 / 1 

b“16 j 

6-12 

Magnesite. 2 coats: 

Scratch or base 

i 

10-17 

10-17 

o-lO 

6-10 

Finish i 

' 10-17 

10-17 1 

6-10 

6-10 

Special finishes, such as pebble dash. 

1 

1 

i 

i 


slate or spatter dash, and bronmed 

G— & 1 

5-11 

12-16 j 

9-12 


On most building jobs, an allowance of §20 to -$25 will usually 
be sufficient for each gang of about four or five plasterers (or less) 
and their helpers. 

12. Overhead and Profit. — Overhead on plastering jobs is 
usually based on labor costs and may vaiy from about 20 to 45 
per cent of labor costs, or from 10 to 25 per cent of the cost of 
labor and materials. 

Profit may range from about 5 to 15 per cent of all other costs. 

13. Plastering Estimates. — The estimate for the total cost of 
plastering should include the following: 

Materials. Lime, plaster, cement, hair, fiber, sand, etc. 

Labor. Plasterers and helpers. Poreman also if the number 
of workmen warrants. 

Equipment. All eqifipment costs. 

Overhead. Based on labor costs or on sum of material and 
labor costs. 

Profit. 
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The simunai^- or tabulation should show unit costs per square 
yard of sunace (or per 100 sq. yd.) as well as total costs. 

14- Eliistrative Estimate. — ^Prepare estimates of toe cost of piastering 
the rooms of the Dlustrative esdmate on lathing esrimates (Art. 7 of rh-X 
chapter), assuming that either trood lath, metal lath, or plaster board ina>- 
be used. 

If on wood lath, 5s by 1.5 in., the grounds are in. and three coats of 
plastering are to be used. 

If on metal lath, the grounds are 5^ in. and three coats of plastering are 
to be used. 

If on plaster board, }< in. thick, the grounds are 1 in. and two coats of 
plaster are to be used. 

Plaster mir is 1 to 2 by weight of gypsum plaster and sand for the scratch 
and brown coats, and for the gypsum sanded finish coat. 

Prices of materials delirered at the job are as follows: 

Gypsum plaster .$22 per short ton in 100-lb. sacks. 

Sand $2 per short ton. 

Water .$1 proportional charge for the job. 

Wages are: Plasterer -$1.30 per hour. Helper $0.70 per hour. 

Equipment: Allow -$20. 

Overhead: Allow 27 per cent of labor costs. 

Profit: Allow S per cent of all other costs. 

Solulion: From the illustrative estimate on lathing, the net area is 221 sq. 
yd. 

As the mixes for all coats are the same, the amounts required wili be 
about as follows: 

Plastee EC Cubic Frsrr rra 100 Squaks Yaed 

On wood '( On metal [ On plaster 
, lath lath board 


Item 


Scratch coat 



30 


110 

(10 


Brown coat 3^ in 

20 

20 i 


Finish >3 in 

10 

10 

10 

Total 

' 54 

60 

40 


ilaterials per cubic foot are 45 lb. gypsum and 90 lb. sand. 


Maxseiaus fob 100 S<j. Yn. of Plastee, Pouwds 



Oa wood 

On metal 

1 

‘ On plaster 


lath ' 

1 

lath 

, board 

f 

GvDSum 

2.430 ’ 

2,700 

1,SOO 

Sand 

4,560 . 

5,400 

; 3,600 


i > 
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ISIatekials eoh 221 Sq. Yd. of Plasteh, Potjxds 



On wood 
lath 

On metal 
lath 

On plaster 
board 

Gypsum 

5,3S0 

5,970 

3,980 

Sand 

10,750 

11,930 

7,960 

Expressed : 

E\ ToX3 



Gj-psum 1 

2.7 j 

1 

3 

2 

Sand j 

5.5 j 

6 

4 

Cost (to 1S;ejs.be5t Doixab.) 

Gypsum at $22 per ton 

$59 

$66 

$44 

Sand at $2 per ton 

11 

12 

S 

Water 

1 

1 

1 

Cost of materials 

$71 

$79 

$53 

Cost per square yard 

$0,321 

$0,357 

$0,240 


If desired, Diagram 11-6 could be used for finding cost of sand per cubic 
foot of plaster. This diagram gives a cost of $0.09 per cubic foot of plaster. 
Diagram 11-7 gives a cost of S0.495 per cubic foot of plaster for gypsum. 
Total cost of sand and g5'p5um is S0.5S5 per cubic foot. 

Por plaster materials on vood lath, tbe cost is 50.5S5 X o4 X 221 100, 

or S70 vrithout vrater. 

For plaster materials on metal lath, the cost is $0.5S5 X 60 X 221 -i- 100, 
or S7S without water. 

For plaster materials on plaster board, the cost is S0.5S5 X 40 X 221 -j- 100, 
or $52 without water. 


Laboh-hotjks ?eh 100 Scj. Yd. 


1 

On wood lath 

On metal lath 

On plaster board 

Plasterer j 

Helper 

Plasterer 

Helper 

Plasterer 

Helper 

Scratch coat 


6 

6 

6 

10 

10 

Brown coat 


10 

10 

10 



Finish coat 


6 

11 

6 

11 

6 

Total 



27 

22 

21 

16 
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Labor-hocbs and Labor-costs for 221 Sq. Yd. 


j 

i On wood lath j 

i ’ 

1 

1 On metal lath 

On plaster board 

1 

i ! 

1 Plxisterer 

[ Helper 

' 1 

i 

j Plasterer 

1 

Helper 

[ Plasterer 

Helper 

Total hours 

i ! 

! 60 j 

[ 49 

1 

1 60 

49 

I 

36 


1 878 1 

[ I 

J 834 

1 878 

1 

834 

861 

825 

I 



Cost of plasterers 
and helpers 

1 

1 

8112 

-5112 

1 

1 

1 886 

Cost per square 
yard 

1 

-80.507 

80.507 

t 

1 80.389 

i 


If desired, the labor cost per square yard may be taken from Diagram 11-8. 
For plastering on wood lath, cost of plasterer at $1.30 per hour is S0.351 per 
square yard and of helper §0.70 per hour is S0.154, or a total labor cost of 
80.505 per square yard compared with the computed value of S0.507. The 
same costs will be found for plastering on metal lath as the labor-hours 
assumed per sqtiare yard were the same as for the wood lath. For plaster 
board, the labor costs will be 80.273 for the plasterer plus 80.112 for the 
helper, or a total of 80.385 as compared with 80.389 computed. The differ- 
ence in values is caused by not u^g fractions of hours and dollars in the 
computations. 

Cost of equipment is 820 for the job or 80.091 per square yard. 

Overhead costs are 2S per cent of labor costs. 

Profit is S per cent of all other costs. 

The plastering estimates may be summarized as follows; 



Cost per square yard 

Total costs 

Item 

On 

On 

On 

On 

On 

On 


wood 

metal 

plaster 

wood 

metal 

plaster 


lath 

lath 

board 

lath 

lath 

board 

Materials 

-80.321 

80.357 

80.240 

8 71 

8 79 

8 53 

T -^bor 


0.507 

0.389 

112 

112 

86 



0.091 

0.091 

20 

20 

20 

Overhead 

n 145 



32 

32 

24 

Profit 




IS 

20 

15 

Total 

-81.146 

-81.191 


8253 

8263 

$198 
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Perhaps a totaling of the e'^lhnatcd costs of lathhjg and plastering *iVould 
be of hiterest. 






CHAPTER XII 

HEATING AND AIR CONDITIONING 

A- HEATDfG AITD AIR-COKDITIONIKG SYSTEMS 

1. Estimating of Heating and Air Conditioning. — Detailed 
estimates of heating and air conditioning are almost always pre- 
pared by subcontractors who specialize in this kind of work. 
The general contractor (or his estimator) rarely has the special- 
ized knowledge required for making accurate and detailed esti- 
mates, but he should have a general knowledge of the work so 
that he can take-ofi the required materials with reasonable 
accuracy and prepare approximate estimates of the quantities 
and costs of materials and labor, and of the costs of equipment, 
overhead, and profit. These approximate estimates may be used 
for the purpose of checking and determining the reasonableness of 
the bids submitted by the subcontractors, or for making approxi- 
mate estimates of the costs when subcontractors’ bids are not 
available. 

Cost estimates of hearing and air-conditioning sj'stems wiU 
include the five main items of materials, labor, equipment, over- 
head, and profit. Unit costs may be computed as desired. Some 
units are cost per outlet in warm-air heating; cost per radiator or 
the cost per square foot (or 100 sq. ft.) of radiation in steam and 
hot-water heating; the cost per cubic foot (or 1,000 cu. ft.) in 
air conditioning; the cost per square foot (or 100 sq. ft.) of floor 
area; and the cost per cubic foot (or 1,000 cu. ft.) of volume of 
space heated. Other information should be included, such as 
size of structure, kind of structure (wood, brick, steel, etc.), 
occupancy or use (residence, office, school, factory, store, etc.), 
locality and climate, temperature ranges, and kind of heating 
plant. Such information is necessary if the costs are to be used 
for comparative purposes. 

In the preparation of an approximate estimate by the con- 
tractor (or his estimator), it is assumed that the plans and specifi- 
cations furnished him are complete enough so that no desigmng is 
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necessary and also inai enongh informaTiDn is ^ren so inat all 
materials required can be readily taken om On many of the 
larger iobs, special hearing plans and drawings are proiidei 
Many of the hearing details are shotm on the plans by symbols. 
Hence, the contractor mnst hare a knotdedge of the meanings 
of these Tarions symbols. 

There are so many types and combinarions of hearing and air- 
condirioning sjstenos that it is not pracrical to try to include all 
of them in one chapter. The esrimaring of only a fett of the 
more common types trill be discussed. 

2- Hearing Systems. — The mam puipose of a hearing system 
is to provide and maintain temperatures. There are many 
t^nes of hearing plants in use. Some are rimple, others are 
complex. Some use but one method of hearing, others combine 
ttro or more methods. Some are combined trith air-eondirioning 
systems, others are not. 

The folio 'vring elasririearions illustrate several trays of dasa- 
fying hearing systems: 


Type Tiriplaee. Store. tVHiznrairftnne.ce. Steam. Eoi 

rater. 

Kind of radiation Direct. Indirect. CambmatiDns. 

Heat Hor pLadianon. Condnetdon. Conrecaon. 

Piplng Single- or tro-pjpe erstems. Ttet or dir retnizis. 

Hpfeed from basement or domieed xrom attic. 


The elasririearion as to type is believed to be the best for use 
in general esrimaring purposes. 

A. TTarm-air hearing systems. 

Pipeless system. 

Ordinary pipe syst.eim 

Ordinary pipe system trith a uxili ary xan. 

Pipe Sj'st.em trith mechanically operated lan. 

The nrst three are usually called gravity S3'5t.ems, and me 
fourth is a ’pressure or gorced-air system. 

B. Steam-hearing systems. 

Pressure. One- or ttro-pipe sysiem. 

Tapor. Very lotr pressure. One- or i. .\^uipe :: o-m. 
Tacuum. "With vacuum pump- T~'>tnpt: sj stem. 

Zone coniroL Pressure system tvxth ‘am=rcni. pme 1 — es 
ndenendenriy conirolled. 
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The single-pipe pressure or vapor system is often used for 
residences, small stores, and small mdustrial buildings. 

The overhead single-pipe pressure system or the vacuum 
system is often used for large mdustrial btuldings. 

The vacuum system is preferred for all other large, tveU- 
fumished buildings, such as large office buildings. 

C. Hot-water heating systems. Two-pipe system. 

Gravity, Open and closed types. 

Pressure. Closed type. 

Forced. Pumps used to force water through system. 

Flow control. Boiler maintained at definite temperature. 
One pump and controls for each independent piping 
circuit. 

The selection and design of a heating system often includes 
the following: 

1. Selection of system. Consideration is given to kind and 
size of structure, occupancy, first cost, probable life, maintenance 
and repairs, operating costs, kind of fuel to be used, firing system, 
climate and temperature variations, and desires of architect and 
owner. 

2. Computation of heat losses. Heat losses are computed for 
each room and for the building. 

3. Design of distribution units. Registers or radiators. 

4. Design of conveying system. Air pipes, steam and water 
pipes, etc. 

5. Selection of heat-generating unit (furnace or boiler) and of 
fuel-firing system (stoker, oil burner, gas burner). 

6. Selection of accessories, other than those included ^vith 
3, 4, and 5. 

7. Selection of heat-control system. 

The take-off for estimating purposes includes the following 
Tnain headings with as many subheadings as desired. 

1. Heat-distributing units. 

2. Heat-conveying system. 

3. Heat-generating units. 

4. Accessories. 

5. Heat-control system. 

3. Air-conditioning Systems. — Complete air conditioning may 
be said to include control of temperature, humidity, air supply, 
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air motion, air distribution, dust, bacteria, odors, and gases. 
These items may be arranged in three groups: 

Ventilation. Air supply and distribution. 

Comfortable temperature. Temperature, humidity, and air 
motion. 

Purification. Dust, bacteria, odors, toxic gases, and other 
injurious substances. 

The following fist will give an idea of the various kinds of ah- 
conditioning systems in use: 

Gravity systems. Windows, vent ducts, roof ventilators. 

Mechanical systems. Separate or combined with heating 
system. Central and unit systems. 

The various mechanical central systems include: 

Ventilation by fan. All of heat by direct radiation (Split 
system) . 

Ventilation and part of heat by fan. Remainder of heat by 
direct radiation. 

Ventilation and aU of heat by fan. (Hob-blast system.) 

Heat by radiation. No fan. 

Heat by fan. No ventilation. 

Fan furnace system. 

Plus humidifiers, filters, washers, etc., as desired. 

The mechanical unit systems include: 

Unit heaters. These consist of a fan and heater enclosed in a 
box or case. Their purpose is to rechculate and warm the air 
in the room. They may include a humidifier. Steam is usually 
used for heating. 

Unit coolers. These consist of a fan and a cooler enclosed in a 
case. They may include a dehumidifier. Their purpose is to 
recirculate and cool the air in the room. Cold water is often 
used as a coofing agent. 

Unit conditioners (ventilators). These consist of a fan and 
filter mounted in a casing. A humidifier may be added. All or 
part of the air may be taken from the outside. 

Unit conditioners (heaters). S imilar to the unit ventilators 
with a method added for heating the air. Steam coils are used 
for heating. 

Unit conditioners (coolers). Similar to the unit ventilators 
with a cooler and dehumidifier added. The cooling agent may 
be cool water or a refrigerating unit. 
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The unit system may be placed on the floor, suspended from the 
ceiling, or attached to the wall. 

The central system was formerly used in nearly all kinds of 
large btuldmgs. At the present time, the unit system is becom- 
ing popular in several kinds of buildings. 

Formerly, air conditioning often included air supply, air dis- 
tribution, air motion, heating, and humidifying. At the present 
time, many systems include filters or washers for purifying the 
air. Cooling may be accomplished by using a supply of cooler 
air, cold water, or refrigerating units. 

The selection and design of an air-conditioning system will 
include the following: 

1. Selection of system. Consideration given to kind, size, 
and occupancy of b uildin g and results to be obtained. 

2. Computation of various kinds of work to be done. Air 
quantities, air velocities, heating, cooling, filtering or washing, 
etc. 

3. Selection of apparatus and partial design as required. 

4. Selection of a suitable controlling system. 

The take-ofi for a central system shoifld include a list of the 
various outlets, ducts, motors, fans, heaters, coolers, humidifiers, 
washers, filters, etc., required with their accessories and control 
devices. 

The take-ofl for a unit system should include a fist of all the 
individual tinits required with information as to size, location, 
connections, and other details, plus accessories and control 
devices. 

When the air-conditioning system is combined with a heating 
system, then two systems are oiten taken oh and estimated 
together. If the air-conditioning and heating systems in a 
combined system are taken off and estimated separated, the 
estimator must be very careful to include aU items required for 
each system, and at the same time he must also be careful to 
avoid duplications. 

B. STEAM AIJD HOT-WATER HEATING SYSTEMS 

4- Materials Take-off. — Before the take-off of the materials 
can be made, the estimator should have available a fairlj' com- 
plete set of heating plans showing the location of the boiler, the 
arrangement of the horizontal piping in the basement, the 
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arrangement of all vertical piping, tlie location of all radiators, 
and aU necessary details in regard to makes, kinds, sizes, etc., of 
aU items required. Detailed specifications should accompany 
the plans, giving all additional information needed. 

Sometimes no detailed plans of the heating system are pro- 
\dded. When such is the case, the general contractor may ask 
competent subcontractors for bids accompanied by sketches 
showing the layout of the heating system. Or the general con- 
tractor may have a competent heating engineer design the heat- 
ing system and prepare sets of plans and specifications, and give 
a set to each subcontractor who is to bid on the job. Then the 
general contractor may use one of these sets of plans for checking 
the bids received. 

Perhaps the best way of taking off the required materials is to 
go over the plans in detail and list aU materials under the five 
main headings, using as many subheadings and remarks as 
necessary. Some estimators prefer to go over the plans floor by 
floor and list all materials on each floor before proceeding to 
another floor. Other estimators prefer to go over the plans and 
list all heat-distributing units, and then repeat the process for 
pipes, etc. A good idea is to check each item on the plans as it 
is listed, using a red or other colored pencil. Many estimators 
prefer to use ruled sheets, sometimes with the various items 
printed cn them, for the take-off. A reminder list is helpful. 
Such a list is given in Appendix A. If the job is fairly large, a 
summary sheet should be used. 

The take-off should include the foUo’wing: 

1. Heat-distributing units. Radiators, valves, air valves, 
etc., with notes as to sizes, heating surface, height, etc. These 
may be taken off floor by floor and then summarized. 

2. Heat-conveying system or piping. AU pipes, valves, joints, 
tees, elbows, unions, traps, tanks, etc., should be fisted with 
details as to sizes, etc., starting at the furnace or boiler and 
workiag around each circuit in order. 

3. Heat-generating units. Boiler, . stoker, burner, etc., with 
smoke pipe, dampei’s, valves, gages, etc., such as usually accom- 
pany and are attached to these imits. 

4. Accessories. Various items not usually included with 
radiators, pipes, boilers, and heat controls. Some of these items 
may be extra tanks, traps, pumps, valves, etc. An estimator 
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must his own judgmem in regard to classuying certain items 
as accessories or as parts oi the boiler or piping system. 

5. Heat-control sj'stem. All thermostats, vriring, trans- 
formers, piping, pressure-stats, rheostats, cutouts, and various 
other items included in the particular sjatem selected. 

0 - Materials, Heat-distributing Units. — ^The materials usu- 
ally included are radiators, air valves, valves, unions, reducers, 
covers, hangers, and fans as required. Some estimators include 
radiator valves, umons, reducers, etc., vrith the piping system. 
Radiators are usually* made of cast iron, but may be of other 
materials. Thej* are of the tube Pvpe, may be mounted on floor 
or wall, may be concealed, may have covers and enclosures, and 
may have fans. 


TiBin 12-1. — ^Sqcasi; Fzzt ot Hzatixg Svhtach psh Section" op C.a5t- 
ip.ox Tube Flooe Radiators 


Height 
from 
floor, ! 
in. 


Xumber of rubes 


3 



Heating simhce per section, sq. ft. 


14 , 


^ ! 

1 


2.50 

17 : 


! i 

f 


3.00 

20 

1.75 

■ 2.25 ; 

2.67 t 

3.00 

3.67 

23 

2.00 

‘ 2.50 1 

3.00 1 

3.50 

4.25 

26 

2.33 

2.75 j 

3.50 \ 


5.00 

32 

3.00 

I 3.50 1 

4.33 f 

5.00 


33 

3.50 

> 4.25 [ 

5.00 i 

6.00 


Width, in.; 

4.625 


S.OO [ 

f 

9 . 6S75 

11.375 

Radiator 

s are 

usually listed 

as to type. 

height. 

number of 


tubes, number of sections, heating surface in square feet per 
section and per radiator. Hot-water radiators are invariably 
larger than steam radiators. An average cast-iron radiator 
may be assumed to have a heat emission of about 240 B.t.u. per 
square foot per hour with steam, and about 160 B.t.u. per square 
foot per hour for hot water. Hence, the heating surface of a 
hot-water radiator should be approximately 1.5 times that of a 
corresponding steam radiator. Cast-iron radiators are often 
priced per section with height, number of tubes, and square feet 
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of heating surface given. However, the price per square foot of 
heating surface is practically the same for all sections. This 
price (1940 j iiiriy iroixi auout $ 0.25 to 30.40 per squaic 

foot of heating surface. Hence, the estimator may nnd the 
total square feet of heating surface for all radiators and use a 
suitable price per square foot. Dealers’ catalogues should be 
consulted for information concerning gaes and square feet of 
heating surface. 

Table 12-1 gives some information regarding cast-iron radia- 
tors. Average length of section is 2.5 in. 

Air valves come in many varieties. Tor average room radia- 
tors, simple air valves may range from 30.50 and up. About 
30.75 to 31 is a fair average value. Air valves suitable for use 
on a vacuum system may cost 31 and np. About 31.50 to 32 
is a fair average value. 

Table 12-2 gives approximate prices for various radiator 
fittings. 


Ta3i.B 12-2. — ^A??3 oxiiia.xe Paicss or 'Vaaiovs HASiiToa PirxnfGS 


Item ; 

i 

1 

1 

Size, inches 

1 H 

1 

1 

1 

1 

1 iH 

i iH 

1 

j Cost 

1 

Valves 

Sl-00 1 

SI. 20 

SI -50 

SI -90 

S2.30 

Floor and ceding nlates 

0.05 ! 

1 0 06 

0.07 

O.OS 

0.09 

Brass union elbovs 

0,50 j 

0.60 

0-75 ; 

0.95 

1-30 

Unions 

0.30 

0.40 

0-50 1 

0.60 

0-75 

Bedueers and bashings 

0.06 

0.09 

0.12 

0-15 

0-lS 

1 


Hadiator wall hangers may cost 31 to 32 per radiator. 

Humidifiers to place on radiators may each cost about $0.50 
and up. 

Hadiator covers may each cost 31 and up. 

Combined radiator covers and humidifiers may each cost 32 
and up. 

6. Materials. Piping Systems. — ^The pipe usually used for 
steam and hot-water piping systems may be of blach or galvanized 
finish and made of wrought iron or open-hearth or copper-bearing 
steel. The weight may be nominal or standard, extra strong, 







HEATIXG AND AIR CONDITIONING 


341 


or double extra strong. Copper-bearing steel pipe is preferred 
because of its ability to resist rust. 

The base price for pipe is §200 per net ton f.o.b. mill vcith 
various discounts, depending upon kind of finish (black or gal- 
vanized), kind of pipe (wTOught iron, open-hearth or copper- 
bearing steel), and nominal diameter of pipe. 

Approximate 1946 discounts are as follows: 


T.^sle 12-3. — .\ppRoxist.\TE Discounts in Pep.centjiges of B.\se Price 


Finish 

Wrought iron 

Wrought 

steel 

' Copper-bearing 

1 steel 

_j 

Black 

. 25-.35 

55—65 

1 

* 50-60 

Galvanized 

12-17 

45-55 

40-50 


The list price per foot is found by using the base price of §200 
per net ton f.o.b. mill and the weights per foot of length for the 
different pipe diameters. Net prices are list prices less dis- 
counts. Freight, trucking, and handling prices must be added to 
net prices f.o.b. mill. 

Table 12-4 gives information concerning pipes of different 
sizes. The values given are for black finish. Galvanized pipes 
will be a little hea^fier. 

Pipe prices in most localities will be appreciably less than list 
price. Pipe is often purchased per 100 ft. of length. Lengths of 
indi\ddual pieces will vary somewhat, with an average length of 
about 20 ft. Pipe may come with plain ends, or with threaded 
ends. Frequently, one coupling is included with each length of 
pipe. Table 12-5 gives approximate 1946 local prices of steel 
pipe in percentages of list prices. 

Table 12-6 gives appro.ximate 1946 local prices for pipe 
fittings of standard-weight black pipe. 

Pipe larger than 3 or 4 in. is usually designed with flanged 
fittings. Flanges may be screwed or w'elded to the pipe. The 
joint made°by inserting a gasket between the flanges and 
bolting them together. 

Fusion-welded joints are sometimes used for pipe largei than 
3 or 4 in. 

Brass pipe and fittings may be used. The pipe should be 
of the standard commercial iron-pipe-gage thickness for the 
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Table 12-4. — Sizes, Dia-meteus, Weights, axd Approxi.m.vte List Prices 
OF Steel and Wrought-iron Pipes 


Size, 

Ex- 

ternal 

Internal diameter, in. 

Weights per foot, lb., 
plain ends 

List 

price per foot 












in. 













Stand- 

Extra 

Double 

Stand- 

Extra 

Double 

Stand- 

Extra 

Double 



ard 

strong 

extra 

ard 

strong 

extra 

ard 

strong 

extra 

0.125 

m 


0.215 


HI 

0.314 


80.025 

80.032 


0.250 

MriI 

■nKnil 

0.302 


0.424 

0.535 

mnn 

0.043 

0.0.54 


0.375 

liViffi 

0.493 

0.423 


0 .567 

0.738 

HBH 

0.057 



0.500 

IQ 

0.622 

0.546 

0.252 


1.087 

1.714 

0.085 


80.175 

0.75 

1.050 

0.82-1 

0.742 

0.434 

1.130 

1.473 

2.440 

0.115 

0.150 

0.245 

1.00 

1.315 


0.957 

0.599 

1.678 

2.171 

3.059 

■inw 


0.370 

1.25 


1.380 

1.278 

0.890 

2.272 

2.990 

5.214 


0.305 

0.525 

1.50 

1.900 


1.500 

1.100 

2.717 

3.631 

6.408 

0.275 


0.655 

2.0 

2.375 

2.067 

1.939 

1.503 

3.652 

5.022 

9.029 


0.510 

0.91 

2.5 

2.875 

2.469 

2.323 

1.771 

5.793 

7.661 

13.095 

0.585 

0.775 

1.39 

3.0 

3.500 


2.900 

2.300 

7.575 

10.252 

18.583 

0.765 

1.035 

l.SS 

3.5 

4.000 

3.548 

3.304 

2.728 


12.505 

22.850 

0.920 

1.265 

2.52 

4 

4.500 


3.826 

3.152 

10.790 

14.983 

27.541 

1.09 

1.52 

2.78 

5 

5.563 

5.047 

4.813 

4.003 

14.617 

20.778 

38.552 

1.48 

2.10 

3.90 

6 



5.761 

4.897 

18.974 

28.573 

53.160 

1.92 

2.89 

5.37 

8* 

KHs 1 \ 

8.071 



24.696 






8 

QE ' i 

7.981 

7.625 

6.875 

28.554 

43.388 

72.424 

2.50 

4.39 

7.32 

10^ 

10.75 

MRS! 




31.201 



3. 15 



10* 

10.75 

lO-lSfi 



34.240 



3.46 



10 

10.75 


9.750 


40.483 

54.735 


4.09 

5.53 


12* 

12.75 

12.090 



43.773 



4.42 



12 

12.75 

12.000 

11.750 


49.562 

65.415 


5.00 

6.61 



* Special sizes furnished when specified with weights given. 

Weights are for black finish. Galvanized finish rvill weigh slightly more. Permissible 
variation in weight is 5 per cent, more or less. 


Table 12-5. — Approxijiate 1946 Local Prices of Steel Pipe in Per- 
centages OF List Price 


Finish. 

Open-hearth steel 

... I 

Copper-bearing steel 

1 

Less than | 
1 in. 

1 in. or 
larger 

Less than 

1 in. 

1 in. or 
larger 

Black 

Galvanized 

50-60 

60-75 

45-55 

55-65 

55-65 

70-85 

50-60 

60-75 
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various diameters. Fittings should ha%'e thicknesses equal to 
those of brass pipes of the same diameter. Brass tubing should 
have a thickness equal to or more than Xo. IS gage. 


T.^lx 12-6. — .A.PPEOXI 1 IATS Cost or Fitten'gs voe Sx.orDAED-wsiGHT 

Steel Pipe 


Size of pipe, 
inches 

Plugs and 
bushings 

Xipples and 
caps 

Couplings, 

T’s, and elbows' 

Unions 

or less. . . . 

•SO.O-i 

-SO 05 

SO. OS 

SO. 20 

1 

0 OS 

0.07 

0.14 

0.40 

1.5 

0.12 

0.11 

0.23 

0.65 

0 

0.16 

0.16 

0.3S 

0.95 

2.5 

0.24 

0.25 

0.52 

1.30 

0 

0 

0.30 

0.35 

0.70 

1.60 

« 

** 

0.40 

0.50 

l.OO 

2.00 


Cost of gab'Enised Snish ■'.vili be about 20 to 25 per cent more t han for 
black finhh. 

Cost of nttiugs for cooper-bearing steel tviil be about 10 to 20 per cent 
more than for open-heanh steel. 


Copper tubing, either in straight lengths or in 60-ft. coils, and 
fittimrs are available in various diameters up to about 1.5 in. in 
size. Cooper tubinsr of the smaller diameters maj be readilj 
bent around joists, comers, etc., thus saving many fittings and 
comsiderable labor. eights and prices (1946) for copper 
tubing and prices of fittings are about a* ahown in Table 12-i 
and Table 12-S. 

Pipe hangers are required for supporting horizontal pipes. 
The cost of the hanger -will vary vrith the type and size. Prices 
ma3’' range from about SO.lo to >>1 for each. ^ 

Pipe covering or pipe insulation may be composed of such 
materials as magnesia, asbestos, mineral vrool, and combinationa. 
-4. suitable, though not always long lasting, covering is made or 
asbestos in combination with a cellular matenal. Prices vary 


th material, thickness, and size of pipe. ^ ... 

Shutofi valves should preferably be provided for each circmt 
that the entire plant may not need to be shut dotm m order 
repair one line. Prices of valves will depend upon kmd, qual- 
r, and make. Prices may range from about ^1 or more tor a 
In. valve to about S3 or more for a 2-in. valve, 56 or =o fo 
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3-in. valve, SIO or more for a 4-in. valve, and more for the 
larger .sizes. 

Table 12-7. — Appiioximate Weights and Puices of Copper Tubing 


Tube 
diara., in. 

! i 

Weight per 100 ft., lb. 1 

Price per 100 ft. 

Standard 

Heavy 

Standard 

Heavy 

% 

23.5 

28 

S 75 

S 95 


30 

37.5 

105 

120 


50 

69 

150 

200 


Table 12-8. — Approximate Prices of Fittings for Copper Tubing 


Tube 

diam., 

in. 

T's 

Union 

elbo\v.s 

Elbows 

Unions 

Adapters 

Flaring 

tools 

! 

Radiator 

valves 

% 

•SO. 45 

SO. 90 

SO. 35 

•SO. 30 

80.25 

IPPH 

•82.50 

K 

O.CO 

1.00 

0.50 

0.40 

0.30 


2.75 


0.75 

1 . 15 

1 

0.65 

0.55 

0.35 

0.40 

3.25 

1 


Reducing valve.s, steam traps, steam separators, and other 
items may be required on some systems. 

The estimator should refer to dealers' catalogues and price lists 
when preparing estimates of piping and pipe fittings and acce.sso- 
ries. Prices vary according to time and place. Prices given in 
this chapter are approximate only, and should not be used except 
for very approximate estimates. 

7. Materials. Boilers and Accessories. — ^The boiler selected 
should be of the proper kind for the fuel used and of sufiBcient 
size to do the work. There are many types of boilers used for 
heating work, the more common being the cast-iron boiler, the 
steel fire-tube boiler, and the steel water-tube boiler. 

Heating boilers are rated according to the number of square 
feet of radiation they can handle. 

The design of the boiler will also vary according to the fuel and 
method of firing. With coal, boilers may be hand or stoker 
fired. Oil burners are used for oil fuel, and gas burners for gas. 

Round cast-iron boilers, consisting of three to five main 
castings, may be obtained in capacities up to about 1,600 sq. ft. 
of radiation. 
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Sectional cast-iron boilers, consisting of 5 to 10 sections, may 
be obtained in capacities up to about 18,000 sq. ft. of radiation. 

Steel boilers may be riveted or welded. The fire-tube type 
may be used in capacities up to about 15,000 sq. ft. of radiation, 
and water-tube boilers for larger capacities. 

The boiler selected must be large enough to pro'V'ide the heat 
required : 

1. By all radiators with normal room temperatture and mini- 
mum outside temperature. 

2. For all heat losses bj" the piping system. 

3. Bj’ all attached water heaters. 

4. For bringing all room temperatures from a lower tempera- 
ture up to the desired temperature during the warming up time. 

5. For raising the temperature of the metal in the system to the 
requisite working temperature. 

Items 1, 2, and 3 make up the design load; and items 4 and 5, 
the staning load. 

Heat requirements are approximately as follows: 

240 B.t.u. per hour per square foot of steam radiation. 

160 B.t.u. per hour per square foot of hot-water radiation. 

2 B.t.u. per hour per square foot of uncovered pipes. 

0.5 to 1 B.t.u. per hour per square foot, of insulated (covered) 
pipes. 


Tablb 12-9. — -A.PPEO.VI1LVTS Boilee Costs pee 100 Sq. Ft. op Radiatiox 


! 

Radiation, square feet 

Boiler j 

' 1 

i 300 ; 

■ 600 

[ 

\ 1,000 j 1,500 1 2,000 1 3,000 


1 

i 

Cost 

per 100 sq. ft. of radiation 

Hot trater 

$20 

S17 

i §15 i S14 1 313 1 312 

Steam 

! 32 

1 

27 

i 

‘’3 1 21 20 19 

; ~ ? i i 


The maximum load that a boUer wiU be expected to cany will 
be the sum of the design and starting load. The startmg load 
mav var^* from about 65 to 50 per cent of the desi^ load for 
design lo'ads vaiying from almost nothing up to 1,200,000 B.t.u. 

per hour. 
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Prices of boilers will vary according to kind, make, and capac- 
ity. Approximate prices for 1946 are about as given in Table 
12-9 for boilers without accessories except pet cocks, water 
glass, gage, safety valve, and damper for steam boilers and pet 
cocks, thermometer, and damper for hot-water boilers. 

Coal stokers for boilers with capacities up to 3,000 sq. ft. of 
radiation may range in price from about $150 to $600, depending 
on make and size. 

An oil burner with tank and accessories may cost $150 to $600. 

Combined boilers and oil burners will cost about the same as 
when the boiler and burners are considered separately. Special 
designs may be more expensive. 

Combined boilers and gas burners will cost about the same as 
boilers with oil burners or stokers. Special designs will cost more. 

Other accessories with hot-water boilers may be expansion 
tanks, valves, circulating pumps, hot-water heaters, boiler feed 
pumps, etc. 

Other accessories with steam boilers may be valves, air or vent 
valves, special returns, safety valves, hot-water heaters, traps, 
low-water cutouts, vacuum pumps, boiler feed pumps, etc. 

Prices of various accessories may be obtained from local deal- 
ers, out-of-town dealers, and various catalogues. 

8, Materials. Temperature Controls. — ^There are various 
types of temperature-control systems in use. They may be 
classified as follows: 

Central Thermostat. — A central thermostat, supplemented by 
pressure control for steam heat, and by temperature control for 
hot-water and warm-air heat, is almost the standard type for 
residences and other small buildings. 

Individual Room Thermostats, — Individual room thermostats 
may be of the compressed-air, electrical, or self-contained radiator 
valve type. The compressed-air and electrical types are often 
used in public buildings. These types are comparatively expen- 
sive to install and maintain. 

Central Control. — Central control with radiator orifices, varia- 
tion in steam pressure, variation in hot-water temperatures, or 
with a varying supply are sometimes used in large buildings to 
give an approximate temperature control and to save fuel. 

Zone Control. — Approximate temperature control by a zone or 
circuit system results in some economy in fuel consumption. 
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This system may be used advantageously in combination trith 
other types of control. 

The cost of a temperature-control system will vary with the 
type of system and make. A central-thermostat system may 
cost $40 to $100 plus installation. An individual room-thermo- 
stat system may cost- $10 or $15 and up per room. The cost 
of a central-control system wiU vary greatly with the type and 
make selected and the number of radiators, etc., to be controlled. 
With the zone system used in combination with a thermostat 
system, the cost for each zone may vary from about $40 to $100 
plus the cost of extra pumps, valves, checks, etc., as required. 

9. Labor- — ^The installing of steam and hot-water heating 
systems is usually done by teamwork. For ordinary work, the 
team may consist of one steam fitter and one helper. On heavy 
work, the team may consist of one steam fitter and two or more 
helpers, or two or more two men teams may be used. On large 
jobs, there may be several teams working at the same time under 
the direction of a foreman or superintendent. 

The time required for doing a certain item of steam- or hot- 
water-heating work wili vary considerably, depending upon the 
particular work, the working conditions, and the skill and inclina- 
tion of the workmen. 

The time required for instalhng radiators may be estimated per 
radiator. 

Labor for pipe work may be more accurately estimated per 
joint instead of per 100 lin. ft., with kind of pipe and diameter 
givPTi The labor per joint will include all threading, hanging, 
and connecting needed. It is assumed that an adequate supply 
of nipples, couplings, umons, and other fittings is at ailable. The 
larger the pipe, the more labor-hour’s required. T\Tien esdmating 
threaded joints, each coupling, valve, or union counts as two 

joints, and a T as three joints, etc. 

For pipe up to 3 or 4 in. in size, a team of 1 pipe fitter and 
1 helper is satisfactort^* for pipe sizes of 4 to 6 in., the team should 
be composed of 1 pipe fitter and 2 helpers. For pipe sizes from 
6 to 12 in., a team of 1 pipe fitter and 3 helpers may be required. 
For pipe sizes of 14 to 24 in., a team of 1 or 2 pipe fitters and 
3 to 5 helpers may be needed. The labor-hours gi\ en for pipe- 
work in Table 12-10 are based on the assumption that one pipe 
thread must be cut for each joint, men it is not neces- 
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saiy to cut a thread, the time given may be reduced 35 to 50 
per cent. 

Furnaces, fittings, and accessories are usually installed by 
gangs of two or more men, depending upon the weights to be 
handled. An electrician will be needed if any electrical work is 
required. 

Temperature-control systems are usually installed bj’^ a man 
or men skilled in this work, assisted by helpers. The skilled 
workmen may be pipe fitters or electricians or both, depending 
upon the kind of system to be installed. 

Table 12-10 gives approximate labor-hours required for various 
items of work in connection with the installation of steam and 
hot-water s 3 ^stems. 

The wages of pipe fitters, electricians, and other skilled labor 
maj’- var 3 '' from about §1.25 to $2.25 per hour, with average 
values between $1 and $2. Wages of helpers ma 3 ' vaiy from 
about $0.65 to $1.25 per hour, and in an 3 * localit 3 ' are approx- 
imatel 3 ’’ equal to about half the skilled laborer’s wage. 

Diagrams 12-1 and 12-2 (pages 626 and 627) may be used for 
estimating the labor cost of installing pipe work and other items 
when the labor wage is knowm and the time required ma 3 " be 
reasonabh'" assumed. 

10. Equipment. — The equipment needed tvill var 3 ^ somewhat 
vith the character and size of the job. Each team of pipe fitter 
and helpers may need pipe cutters, pipe threaders, trise and \d5e 
frame, -RTenches, hammers, chisels, and other small tools. If an 
electrician is required, he ^ill need his set of tools. Sometimes 
ladders, sawhorses, plank, etc., are also needed. 

The cost of a set of tools for one team will be comparatively 
little for any one job. Transportation costs to and from the job 
should be included. The equipment cost viU vary tvith the size 
of the job and the length of time required. Equipment costs 
per team per job may range from about $5 or $10 to $25 or $30. 

11. Overhead and Profit. — Overhead may be based on labor 
costs alone or on the smn of materials, labor, and equipment. 
Overhead costs should include all general overhead items plus 
compensation and other insurance, social security taxes, and 
costs of all fees and permits. 

General overhead costs may range from 15 to 35 per cent of the 
labor costs plus about 2 to 7 per cent for compensation insurance 
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Tabl2 12 - 10 .— Appsoxul'-ts L.«3oh-houh5 Rsquirsd job Is-staixxn-g 
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9 elbows, 2 reducers for 1.5-in. pipe. 

37 elbows and couplings for 1.25-in. pioe. 

Sx-ft. asbestos pipe insulation for 2-m. pipe. 

92-ft. asbestos pipe insulation for 1.5-in. pipe, 

1 thermostat complete iio be selected by owner). 

ilaterial price estunates may be obtained from local wholesaler, or from 
catalogues tvith allowance for freight and trucking. 

A gang of 2 pipe fitters and 2 helpers (two 2-men teams) will be used. 
W ages are $2 per hour for pipe fitters and -SI for helpers. 

Assume a reasonable cost of equipment. 

Contractor’s overhead costs to be assumed as 30 per cent of labor co.st, 
including ail general overhead, compensation insurance, social security 
ta.v, etc. 

Assume profit at 10 per cent of all other costs. 

Materials cost (to nearest dollar). Prices are costs (without profit) of 
materials delivered at the job. 

Local Prices 


1 steam boiler, capacitv- 550 sq. ft. of radiation, with 


jacket and trim 


= -5136 

1 stoker 


= 148 

15 radiators, 169 sections, 507 sq. ft. at 50.29 

= 147 

15 air valves for radiators 

at -50.85 

= 13 

2 large air valves 

at -54.50 

= 9 

15 radiator valves 

at -52.00 

= 30 

15 radiator unions 

at 50 . 50 

= S 

15 floor plates 

at -50.10 

= 2 

15 bushings 

at -50. 10 

= 2 

S4 ft. 2-in. copper-bearing £ 

ueelpipe at -50.22 

= 19 

14 T’s, 2 reducers, 7 elbow= 

) at -50.35 

= 8 

92 ft. IJa-in. copper-bearin; 

g steel pipe at -50.17 

= 16 

9 elbows, 2 reducers 

at -50.25 

= 2 

145 ft. 1 34-^1. copper-bearin; 

g steel pipe at 50.15 

= 22 

37 elbows and couplings 

at -50.20 

= 8 

176 ft. asbestos covering for 

2-m. and IJ^in. pipe at 0.11 

= 19 

1 thermostat complete (as 

selected by owner) 

= 60 

Total 


= 5649 


Labor cost (2 pipe fitters at -52 per hour and 2 helpers at -51 per hour, average 
wage of -51.50 per hour): 

1 steam boiler and trim 
1 stoker 
15 radiators 

2-in. pipe equivalent of (42 -r 4 -r 14) or 58 joints 
1.5-in. pipe equivalent of (IS -r 4) or 22 joints 
1.25-in. pipe equivalent of 74 joints 
176 ft. of asbestos covering 
1 thermostat 
Total (81 team-hours) 


12 labor-hours 
6 labor-hours 
25 labor-hours 
47 labor-hours 
16 labor-hours 
45 labor-hours 
6 labor-hours 
5 labor-hours 
162 labor-hours 
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Labor cost, 162 hr. at Sl-oO = S 243 

Equipment cost: 

For 2 teams of 1 pipe fitter and 1 helper each = 15 

Overhead cost: 

Assume 30 per cent of labor cost ($243) = 73 

Profit: 

Assume 10 per cent of all other costs (8980) = 98 

Total estimated cost = 81,078 


This estimate maj'’ be summarized as follows: 



Unit Cost 

Unit Cost 



per Sq. Ft. of 

per 

Total 

Item 

Radiation 

Radiator 

Cost 

Materials 

81.28 

843.30 

8 649 

Labor 

0.48 

16.20 

243 

Equipment 

0.03 

1.00 

15 

Overhead. . . . 

0.15 

4.95 

73 

Profit 

0.19 

6.55 

98 

Total 

82.13 

.872.00 

•81 ,078 


C. WARM-AIR HEATING SYSTEMS 

14. Warm -air Heating Systems. — ^Warm-air heating systems 
may be classified as follows: 

1. Pipeless. Furnace Avith short warm-air stack to floor above, 
vdth cold-air return from floor above. May have a humidifier. 

2. Pipe. Furnace vdth ducts or pipes leading from furnace to 
Avarm-air room registers, usually one to a room. Cold-air ducts 
may lead from one or more rooms or from outside. Furnace 
usually has a humidifier. iSIay have a thermostat. May have 
some sort of air-conditioning equipment connected to furnace. 

3. Pipe Avith atudliary fan. Same as a pipe furnace AAuth a 
propellor-type fan usually placed in the cold-air duct at furnace. 
Fan gives better circulation. System usually has a humidifier 
and electrical controls for fan and may have a thermostat. May 
also have air-conditioning equipment connected Avith furnace. 

4. Pipe Avith mechanically operated fan. System has smaller 
ducts or pipes than the pipe system has. Has a cold-air return 
for each room or for each set of connected rooms. Fan is usually 
of centrifugal type. System usually has a humidifier, thermo- 
stat, and air-conditioning equipment. 

The pipeless and pipe systems are called gravity systems. The 
pipe system with auxiliary fan is a gravity system Avith a fan. 
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The pipe s^'stem ■nith a mechanicaily operated fan is a 'pres-vire 
or forced-air system. 

The cost estimate of a vtarm-air heating system vriil include the 
five main items of materiaLs. labor, equipment, overhead, and 
profit. Unit cost may be computed, if desired, per v.arm-air 
outlet, per outlet (sum of varm- and cold-air outlets), per square 
foot of heated floor area, and per cubic foot of heated space. 

Warm-air heating systems are frequently used in buildings up 
to three stories in height and up to 50,000 cu, ft. in volume. 

15. Materials Take-off. — It is assumed that the estimator has 
a fairly complete set of plans and specifications at his disposal so 
that he may readily take-off and list all the required materials. 
The use of a good reminder list is advisable. 

The take-off may be divided into the foUovring main headings: 

1. Heat distribution. Reristers and outlets. List size, finish, 
and other details. 

2- Heat-conveying system. Pipes and ducts. List size, 
shape (round or rectangular), length, elbows and bends, junc- 
tions, outlet hoses, dampers, etc., for aU warm- and cold-air 
duets. Uinrl (tin or galvanized iron) and gage of metal should 
be stated. Pipe covering or insulation should be listed when 
required. 

3- Heat-generating system- Fiumace with smoke pipe, damper, 
jacket, and trim. Size, grate area or firebox diameter, and 
heating capacity should be stated. Note if humidifier, fan, 
and air-conditioning equipment is included with furnace. Aho 
note IffTifl of fuel such as coal, oil, or gas, and firing equipment. 
Such equipment is usually listed under accessories. 

4. Accessories. Humidifier, fans, blowers, filters, washers, 
and other air-conditioning equipment if not included with fur- 
nace. Coal stoker, oil burner, or gas burner if separate from 
furnace. AlisceUaneous accessories. 

o. Temperature controls. Thermo— tat and other controL?, 
with all needed transformers, wiring, piping, etc. 

16. Materials. — ^Re^ers (warm-air outlets and cold-air 
inlets) vary in price according to size, material finish, etc. Prices 
may range from about 51.50 for an 8- by 10-in. black japanned 
floor register up to $5 for a 12- by 16-in. size. Xickel- or chrome- 
plated finishes cost more. Cost per square foot may range from 
S3 to So for black japanned finish, and from S4 to SIO for plated 
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Humidifiers of various kinds are on the market. The simpler 
kind may cost about $5 to $25. 

A suitable fan for a gravity system may cost $10 to $50. 

A coal stoker may cost $125 to $450, depending on size and 
make, plus installation costs. 

An oil burner with tanks and accessories may cost $150 to $450 
plus installation costs. 

A good thermostat with accessories may cost about $30 to $125. 

An air conditioner consisting of a blower (fan and motor), 
humidifier, and filters (or air washer) may cost about $60 to $300. 
Such a unit may be attached to a gravity-system furnace. 

Warm-air furnaces combined with air-conditioning units and 
stokers or burners are available in various combinations. A 
warm-air furnace (mechanical-fan type) of the pressure or forced- 
air type is usually combined with an air-conditioning unit. The 
combination will cost about twice as much as a gravity-type 
furnace of the same capacity, or as much as the sum of the costs 
of a gravity-type furnace plus an air-conditioning unit. 

The prices given for furnaces, stokers, burners, fans, air- 
conditiong units, etc., are approximate 1946 prices for equipment 
for ordinary buildings up to about 50,000 cu. ft. in volume. 

17. Labor. — The labor required for a warm-air heating system 
is for the installation of the pipes, registers, furnaces, accessories, 
and controls. This labor may be done by skilled mechanics or by 
skilled mechanics aided by helpers. 

The labor required for any particular installation may vary 
considerably according to the kind of job (lai’ge or small, new or 
old building, long or short leaders and stacks, number of bends 
and turns in pipes, number and kind of accessories, etc.), the 
working conditions, and the skill and iucfination of the workmen. 
A team composed of a skilled workman vith one or two helpers is 
a good working combination. 

Approximate labor-hours required for different items* of work 
are given in Table 12-13. The metal warm- and cold-air pipes 
and register boxes are assumed delivered at the job made up in 
correct sizes of junctions, elbows, bends, outlet boxes, and straight 
lengths of pipe and ready for installation. Labor-hours given 
for installing furnace includes time for installing jacket, smoke 
pipe, and damper. 
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Diagram 12-3 (page 62S) may be used for estimating the labor 
costs of installing various parts of warm-air heatmg systems. 


T.\bls 12-13. — AppRoxiii-^rs LinoR-Hoims for Ixstallixg W.Amr-AiK 
Hzlatixg SysTEiis for Bttildixgs vp to About 50,000 Cu. Ft. ix 

VoLUiCE 


Item 

1 

Labor- 

hours 

Item 

Labor- 
j hours 

Gravity system. Warm-air 
furnace onlv 

&-14 

For oil-bumer-nred fur- 
nace 

3- 6 

Grarity system. Furnace 
with humidifier ‘ 

W14 

System with air-condition- 
ing unit: 

Humidifier, if separately in- 


For hand-fired furnace . . 

^ 3- 7 

stalled 

2- 4 

For stoker-fired furnace . 

1 4-10 

Fan f'aitxiliaiw) 

2— 4 

For oil-bumer-fired fur- 


Separate air-conditioning ' 


nace 

4-10 

unit (as added to a grav- 
irv-svstem furnace) 

4-12 

Warm- or cold-air horizontal 
pipes, ICO sq. in. or less 


Pressure or forced-air sj’stem i 


ner 10 ft 

1.5- 3 

furnace tvith air-condition- 


100 to 400 sq. in., per 10 ft. 

^ 2- 5 

E 

ing unit ' 

10-24 

Warm or cold air risers or 


Stokers ( 

4r-12 

stacks, 100 sq. in. or less 

1 


6-16 

per 10 ft 

! o_ a 

Installing thermostat and 

100 to 400 sq. in. per 10 ft. 

f — - 

‘ 3- 7 

controls 

Svstem without air-con- 


Registers with boxes, each 
fouilets or inlets) 

‘ 1- 3 

ditioning unit; 

For hand-fired furnace. . ‘ 

2- 4 

Covering pipes with asbestos 
naper, ner 100 ft j 

2- 6 

For stoker-fired furnace. 

3- 6 

t 

J 



The labor required for installing larger and heavier furnaces 
and equipment- may be estimated according to methods suggested 
in Chap. XiT on Heavy Alachinery. 

The labor required for installing pipes and ducts larger than 
about 400 sq. in. in cross-sectional area will vary approximately 
with the cross-sectional area rather than with the circumference 
because of the heairier weights (gage) of metal used and the 
lesser ease of handling. 

The labor required for installing thermostats and controls will 
vaiy almost directly with the number of instruments, 1 to 3 hr. 
being required for each instrument. 
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The labor required for installing various accessories ^vill vary 
with the kind and size of accessory and the installation 
requirements. 

18. Equipment. — The equipment required for installing warm- 
air heating systems in buildings up to about 50,000 cu. ft. in 
volume will include all the hand tools required by the mechanics 
and perhaps a few special and portable tools such as saws, 
drills, and small soldering outfits. Sometimes ladders and saw- 
horses and planks for temporary scaffolding may be needed. 
Special equipment may be required for handling furnaces and 
other machinery that are too heavy to be handled by a small 
crew of men. 

The equipment cost for a warm-air heating job, including 
transportation, may vary from about 85 to $15 or 820, depending 
on the size of the job and other conditions. Equipment costs 
for buildings larger than 50,000 cu. ft. will be proportionately 
higher. 

19. Overhead and Profit. — Overhead costs on a warm-air 
heating job are usually based on labor costs alone, but may be 
based on the sum of the costs of materials, labor, and equipment. 
When based on labor costs, the general overhead may range 
from 15 to 35 per cent plus compensation insurance, social- 
security taxes, and like items. Compensation insurance and 
social-security taxes may range from about 3 to 6 per cent of 
the labor costs, as an average. The total overhead may range 
from about 20 to 45 per cent of the labor costs vuth an average 
value of about 30 to 35 per cent. 

Profit may range from about 8 to 20 per cent on the sum of all 
other costs. If profit on the materials, or on part of the mate- 
rials, has been included in the materials costs, this profit should 
not be included a second time. 

20. Warm-air Heating Estimates, — ^Estimates for warm-air 
heating systems may be summarized to show the total costs 
of materials, labor, equipment, overhead, and profit. Unit 
costs may be computed, if desired, per warm-air outlet, per 
outlet (based on sum of warm- and cold-air outlets and in- 
lets), per square foot of floor area heated, and per cubic 
foot of space heated. The summary may be tabulated as 
follows: 
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Uiiit Cost 

Item (as Desired) Total Cost 

Materials $ $ 

Labor 

Equipment 

Ch'erbead 

Profit 

Total S S 

21. Illustrative Estimate. — As a general contractor, you desire to prepare 
an approximate estimate of the cost of a vrann-air heating ^stem for a 
small rsvo-story frame residence, 26 by 2S ft. in size. Fairly complete plans 
and specifications are available. The warm-air heating system is a pressure 
system with an oil-fuel furnace and an air-conditioning unit, 
ilaterials: .An examination of the plans and specifications and of whole- 
salers catalogues available gave the following information: 


Warm-air furnace, with jacket, smoke pipe, and dampers 
Oil burner and accessories, less thermostat 
.Air-conditioning unit 
Thermostat and controls 


Warm-air registers: 

2 S by 10 in. at .$2.00 =S 4.00 

6 10 by 12 in. at 2.75 = 16.50 

Cold-air registers: 

2 10 by 12 in. at 2.75 = $ 5.50 

6 12 by 15 in. at 4.00 = 24.00 

16 register boxes at 0 . 50 = 8.00 


.All registers 
Warm-air pipes (26 gage): 
28 it., 3 by 10 in. 
o elbows 

88 ft., 3.5 by 12 in. 

15 elbows 

Cold-air returns (26 g: 

74 ft., 3.5 by 14 in. 

7 elbows 

20 ft., 5.5 by 14 in. 

3 elbows 
IS ft., 8 by 28 in. trunk 


at 

-SO. IS 


$ 5.05 

at 

0.40 

= 

2.00 

at 

0.22 

= 

19.35 

at 

0.45 


6.75 

at 

0.245 

= 

18.15 

at 

0.55 


3. 85 

at 

0.375 

= 

7.50 

at 

0.S5 


2.55 

. at 

0.60 

= 

10.80 


(Xo. 24 gage) 

Asbestos covering for all warm-air pipes 
1 roll estimated = 


4.00 


.All piping 
Total materials 


= $135 
— 155 
= 125 
= 60 


= 58 


= SO 


= $613 
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Labor; Assume 2 mechanics at §2 per hour each and 2 helpers at §1 per 


hour each, giving an average wage of SI. 50 per hour. 

Installing furnace = 10 hr. 

Installing air-condition unit = 7 hr. 

Installing oil burner and tanks = 10 hr. 

Installing thermostat and controls = S hr. 

Installing registers and bo.ves 16 at 1.5 hr. = 24 hr. 

Installing piping system, assume each elbow as equiva- 
lent of 2 ft. 2SS equivalent feet at 2.5 hr. per 10 ft. = 72 hr. 
Installing asbestos paper on warm-air pipes = 4 hr. 


Total labor-hours 
Labor cost, 135 hr. at $1,50 
Equipment, for job, estimated at 
Overhead, say 30 per cent of labor cost 
Profit, say 10 per cent of all other costs 


= 135 hr. 

= S202 
= 12 
= 60 
= 89 


Total estimated cost 


= S976 


This estimate may be summarized as follows; 



Cost per 

Cost per 
Warm-air 

Total 

Item 

Outlet 

Outlet 

Cost 

hlaterials 

$38.30 

$ 76.60 

$613 

Labor 

12.60 

25.25 

202 

Equipment 

0.75 

1.50 

12 

Overhead 

3.75 

7.50 

60 

Profit 

5.60 

11.15 

89 

Totals 

$61.00 

$122.00 

$976 


This estimated cost seems high for a warm-air heating plant for a small 
residence. If the costs were subdivided for furnace, registers and pipes, 
air-conditioning unit, oil burner, and thermostats, the reason is clear. 


Furnace $172 

Registers and pipes 374 

Air-conditioning unit 154 

Oil burner 192 

Thermostat and controls S4 

Total $976 


D. AIR-CONDITIONING SYSTEMS 

22. Estimafing of Air-conditioning Systems. — ^Perhaps the 
best way of estimating an air-conditioning system is to study the 
plans and specifications, divide the system into several parts 
according to kinds of work, materials or machinery, and then 
prepare estimates for the materials and labor. The number of 
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pans into which an air-conditioning system may be divided will 
depend upon the kind of sj'stem, the work it is to do, and whether 
or not it is combined with the hearing system. The following 
is suggested: 

Central system. 1 entilation by fan. Heat by direct radiation 
(split system). 

Blowers, including motors, fans, and box. 

Humidifiers. 

Air filters and washers. 

Duct or pipe sj-stem for convening air. 

Controls. 

Central system. Ventilation and part of heat by fan. Eemain- 
der of heat by direct radiation. 

Heating system for heating air. Warm-air furnace, steam 
cods, etc. 

Also cooling system it air is to be cooled in warm weather. 
Blowers, including motors, fans and box. 

Humidifiers. 

Air filters and washers. 

Duet or pipe system for convening air. 

Thermostats and other controls. 

Central system. I’entilation and all of heat by fan. (Hot- 
blast system.) 

Heating system for heating air. Warm-air funace, steam 
coils, etc. 

Also cooling system if air is to be cooled in warm weather. 
Blowers, including motors, fans, and box. 

Humidifiers. 

Air filters and washers. 

Duct and pipe system for conveying air. 

Thermostat and other controls. 

The combined warm-air heating and air-conditioning system 
used in many residences and small buildings is an example of the 
hot-blast system. 

Unit-system heaters. 

The unit complete ready to install. 

Electrical connections for the fan. 

Piping connections for the heating part (usually steam coils). 
Controls. 
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Unit-HyHtern coolern. 

The unit complete ready to iuntulL 

Electrical courjectiooH for the fan. 

Piping connectiouH for the cooling part. 

Controls, 

Unit ventilators. 

The unit ready to install. 

Outside air connections. 

Electrical connections for fan. 

Water piping for humidifier. 

Controls. 

Unit conditioners (heaters). 

The unit ready to install. 

Outside air connections. 

Electrical connections for fan. 

Piping connections for heating part (usually steam coils). 

Piping for humidifier. 

Controls, tliermostat, switches, etc. 

Unit Conditioners (Coolers). 

The unit ready to install. 

Outside air connections. 

Electrical connections for fan. 

Electrical connections for refrigerating unit. 

Piping connections for cool water. 

Piping for humidifier. 

Controls, thermostat, switches, etc. 

In any one particular air-conditioning system (central or unit), 
all the general items listed may not be included. For example, 
in a unit-system heater it is assumed that the heating will be done 
by steam coils. If the heating were to be done by electricity, elec- 
trical connections for the heater would be needed, and obviously 
no steam piping would be required. Likewise, for a unit condi- 
tioner (cooler) if a refrigerating unit was used, no water-piping 
connections would be required. 

23. Material Take-off, — Wlien preparing a take-off for a 
central system, soxne estimators prefer to start with the blower 
and the various items (motors, fans, humidifiers, filters, etc.) 
connected with it, then to list all items in the duct or pijje system, 
and finally the items in the control system. 
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T^Tien preparing a take-off tor a unit system including a num- 
ber of units, some estimators like to consider each unit by itself 
and list it and the items connected with it before proceeding to 
the next unit. Other estimators prefer to list all units first, then 
all piping, then all electrical coimections, then the controls, etc. 
If the job is a fairly large one, a summary’’ sheet may be prepared, 
summarizing the units, piping, electrical work, controls, etc. 

After the take-off has been completed, the various items may 
be priced, and estimates made for the labor, equipment, over- 
head, and profit. 

24- Materials. Central Systems . — ^The assembly of a blower 
for a central system includes housing or casing, fan, and motor. 
The capacity of a fan is usually given in cubic feet of air per 
minute for a given outlet velocity, static pressure, and barometric 
reading. Manufacturers’ catalogues and fan tables should be 
consulted for sizes, capacities, motor horsepower required, outlet 
velocities, weights, and prices. Outlet velocities are often limited 
to 1,200 or 1,400 ft. per minute. 

Fans may be driven by motors, steam en^es, or steam tur- 
bines. The horsepower required will vary with the fan output 
and static pressure. The electric motors selected should have a 
horsepower 10 to 25 per cent greater than that listed in the fan 
tables because of possible variations in static pressures. Motor 
speeds for alternating-current motors are approximately 570, 690, 
865, 1,150, and 1,750 r.p.m. 

Two types of heaters are used in fan systems, viz., the cast-iron 
heater and the nonferrous fin-tube types. There are several 
designs of each on the market. 

The fan, motor, heaters, and casing or housing are usually 
moimted on brick or concrete foundations. The casing should 
be designed to reduce friction resistances as much as possible. 

The duct or pipe system is usually a trunk system with as many 
branches as desired- Sometimes two or more main-trunk 
ducts are used, depending upon the structure and the design. 
Branches lead from the mains or tr unks to tne outlets. The 
ducts are often constructed of galvanized steel or iron of smtable 
gage and reinforced with angles, straps, or other small structural 
shapes. 

The outlets are usually of grillwork somewhat- like warm-air 
registers in appearance. 
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Humidifiers, filters, or washers are usually located near the 
blower and heater. Filters or washers are usually placed between 
the fresh-air inlet and the blower. 

The thermostatic control is usually a little more complicated 
than that for an ordinary warm-air heating system. Instruments 
may be located in the fresh-air inlet, near the air washer or filter, 
on the far side of the fan, and also as desired in the building. If 
desired, a thermostat and mixing damper may be provided for 
each room. 

Unit Systems . — There are several kinds of unit heaters on the 
market with var 3 dng capacities and different methods of instal- 
lation. Each unit may consist of a fan, motor, heater, or 
cooler, and sometimes a humidifier or dehumidifier. These 
units are usually sold by the manufacturer completely assembled 
and ready to install. Hence, it is necessary to list the units 
required by size, dimensions, capacity, and manufacturers' 
number as desired. 

These units often require extra piping and electrical connec- 
tions. If steam is used for heat, a two-pipe system should be 
provided. The electrical lines should be sufficient to carry the 
load. 

If cold water is used for cooling, extra piping is often required 
to convey the water to and from the unit. If external-air inlets 
and outlets are required, any needed grills and ducts should be 
noted. 

The controls may be manual, including a switch for the motor 
and a valve on the heater, or a thermostat. The thermostat is 
usually used for turning the motor on and off, but may also be 
used to regulate the steam. 

Prices of units vary considerably according to the items 
included, the make, and capacity. A simple ventilating-fan 
unit suitable for a room may cost about $25 and up. A room- 
cooler unit containing a fan, motor, filter, refrigerating unit, and 
humidifier may cost $350 to $800. A heating unit consisting of 
a heater, fan, and filter may cost about $50 to $200. A simple 
single-thermostat control system for a unit may cost about $30 
and up. 

26. Labor. Central Systems . — The labor required for install- 
ing central air-conditioning systems may be estimated by con- 
sidering the different parts of the system and estimating the 
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labor required lor each part. Most central air-conditioning 
systems are installed by manuiactnrers, dealers, or contractors 
who specialize in that line of work. The bids submitted usually 
include all costs of the plant installed and ready to operate. 
The general contractor will rarely have to do the work of 
installation. 

The labor for installing heavy blowers, heaters, motors, fans, 
casings, filters, washers, etc., may be estimated according to the 
methods suggested in Chap. X^T on Heavy Machinery. 

The labor for installing duct systems will vary mth size and 
weights of the ducts and the working conditions. 

The labor for installing control systems will vary almost 
directly with the number of instruments. From 1 to 3 labor- 
hours per instrument may be allowed. 

The wages of skilled mechajaits may vary from about S1.2o to 
02.25 per hour and of helpers from about §0.65 to §1.25 per hour. 
A labor gang may be composed of a foreman, mechanics, and 
helpers. ^Mechanics may include electricians, pipe fitters, sheet- 
metal workers, masons, and carpenters. 


TiBLs 12-14. — ApgaQXXiiAiz Laboh-eottes Eequihed ?oh IssTAmcsG 

IJxrr Ststeiis 


t 

^ i Labor- 

Item \ , 

1 hours 

Item 

1 

i labor- 
; hours 

if 

1. tTmt-systera heaters: | 

Install. inciudingDiDe and i 

electrical connections. .! 2—6 

4. Unit conditioners 
(heaters): 

Install with pips and 


Additional niping, per 10 [ 

electrical connections. . . 

3-6 

ft ' 1—2 

Outside air connectioas. 

2-5 

TIi<^nnosf at co^ trols r 1—3 

Extra piping per 10 it 

1-2 

2. Unit-svstem coolers: 1 

Install including water i 
piping and electrical f 
connections \ 3-6 

Thermostat controls 

5. Unit conditioners (cool- 
ers): 

install with pipe and 

2~ 

Additional nioing tier 10 ' 

electrical connections. . . 

i 3-6 


Outside air connections. . 

5 2-5 

Thermostat controls f 1—3 

! Extra piping, per 10 ft 

; 1-2 

3. Unit ventilatois: | 

Install with electrical con- ’ 

necdons | 1—3 

Outside air connection — | 2-5 

Thermostat coTitroU-. 

1-3 
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Unit Systems . — The labor required for installing unit systems 
will vary considerably vdth the different units and the working 
conditions. The values given in Table 12-14 are approximate 
only. It is assumed that steam and water pipes are available 
near the location of the unit. Additional time must be allowed 
for running pipe lines from basement or other floors and rooms. 

• Diagram 12-4 (page 629) may be used for estimating the labor 
costs of installing air-conditioning units. 

A labor gang for instalhng unit heaters may consist of one 
mechanic vdth one or two helpers, or two mechanics with two or 
more helpers. Usually the services of both an electrician and 
pipe fitter will be required. 

26. Equipment. Central System . — The equipment required 
for instalhng a central system wall include all the hand tools of 
the mechanics, and special tools and equipment needed for placing 
and assembhng heavy and cumbersome machinery. Usually 
some temporary scaffolding may be required. Equipment costs 
for a central-system job including transportation and miscella- 
neous supphes may range from about $10 up to $100 or so. 
Some estimators allow about $5 or $10 plus 1 to 2 per cent of 
material costs. 

Unit System . — The equipment required for installing imit 
systems will usually consist of the hand tools of the mechanics 
plus a ladder, stepladder, and temporary scaffolding in some 
cases. The equipment cost may be assumed at $1 to $2 per imit 
plus transportation. The minimum for any one job may range 
from about $3 to $5. 

27. Overhead and Profit. — Overhead for instalhng air-con- 
ditioning systems is often based on labor costs. General over- 
head may range from about 15 to 35 per cent of the labor cost, 
plus compensation insurance, social security taxes, etc. Total 
percentage for overhead may vary from about 20 to 45 per cent 
of the labor costs. 

Profit on air-conditioning jobs may range from about 8 to 20 
per cent of the sum of all other costs. If, when estimating unit 
systems, the price of a unit includes profit, this profit should 
not be included again. 

28. Air-conditioning Estimates. — ^Estimates of the cost of an 
air-conditioning system should be summarized to show total 
costs of materials, labor, equipment, overhead, and profit. 
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Unit costs of central sj'stenis may be computed per cubic foot 
of space, or per square foot of door area. Unit costs of unit 
systems may be computed per unit, per cubic foot of space, or 
per square foot of floor area. Unit cost per square foot of floor 
area appears to be the unit selected by many estimators. Central 
air-conditioning systems may cost from about $1 to $2 per 
square foot of floor area. In each case, information should 
be given in regard to kind of building, occupancy, and kind of 
air-conditioning system. The estimate may be summarized 
as foUovrs: 

Unlc Cost 

Item as Desired Total Cost 

ilaieriaLs 5 S 

Labor 

Eqtiipmeai 

Orerbsad 

Profit 

Total S S 
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PLUMBING 

1. Estimating of Plumbing. — Tbe plumbing work on a job is 
almost always sublet to a subcontractor specializing in tbis Mnd 
of work. This subcontractor (or Ms plmnbing estimator) is a 
man capable of preparing detailed and accurate estimates. Con- 
sequently, the general contractor (or Ms estimator) rarely needs 
to be able to prepare an accurate and detailed plumbing estimate, 
but he should have a good general knowledge of estimating so 
that he can check intelligently and can determine the reason- 
ableness of the detailed bids submitted by the plumbing con- 
tractors. It is the purpose of tMs chapter to help supply the 
general knowledge that the general contractor or his estimator 
may need for cheeking plumbing bids and estimates. 

On some jobs, a separate set of plumbiug plans, diagrams, and 
specifications are furnished in detail so that it is an easy matter 
for the estimator to take off accurately all plumbing materials 
required. With such plans, a good estimator can prepare an 
accurate list of everything that ■will be required. 

On other jobs, the plans show merely the locations of the 
fixtures and the specifications state the types and poakes. In 
such cases, the plumbing estimator must be able to visualize the 
•work in detail and perhaps make dra-ivings or .sketches of 
the piping so that he can estimate reasonably accurately all the 
required pipings and fittings as well as the fixtures. 

Some architects, when preparing the plans and .specifications, 
do not dascribe aU the plumbing work in detail, but insert one 
or more general clauses .stating that aU plumbing work must be 
done in accordance with all state and local codes and regulations 
and also that the work must pass the inspection of ah authorities 
having jurisdiction, usually a municipal plumbing inspector. 
Such clatises place upon the estimator the need of determining 
all the requirements relating to kinds and .sizes of pipes, stacks, 
vents, traps, and other details, 
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Plumbing work is usually divided into rough plumbing and 
fimsh plumbing. Rough plumbing includes all sewer pipes, 
water and gas pipes, vents, drains, etc., required and finish 
plumbing includes the fixtures and their accessories. 

The plumbing estimate for either rough or finish work may be 
divided into materials, labor, equipment, overhead, and profit. 
Rough and finish plumbing are usually estimated separately, 
though in some instances the materials, labor, and equipment 
may be estimated separately, and overhead and profit figured 
on the total plumbing work. 

A. ROUGH PLUMBING 

2. Rough Plumbing Take-off. — ^The take-off for the rough 
plumbing should include all materials for 

Water pipes, both exterior and interior. 

Gas pipes, both exterior and interior. 

Sewer pipes. 

Drains. 

Soil and vent stacks. 

Soil, waste, and vent pipes. 

All roughing work required for fixtures. 

The take-off must show the size, length, kind (cast iron, copper, 
lead, glazed clay, galvanized, black), weight (standard or extra 
heavy), and other details of all pipe; materials needed for calking 
cast-iron soil, waste, and vent pipes; and all pipe fittings such as 
unions, nipples, caps, hangers, elbows, or bents, Y's, and T’s. 
The take-off should also fist kinds and sizes of aU valves, traps, 
plugs, exterior grease traps, cleanouts, etc. If trenching is 
required, the length, average depth, and kind of soil should 
be noted. 

Explanations of some of the rough plumbing terms follows: 

A sewer pipe is the section of drain piping extending from the 
street sewer to the building. This pipe may be of cast iron or 
glazed vitrified clay, 4 in. or larger. 

The house drain is the drain pipe inside the btiilding (horizon- 
tal) extending from the sewer pipe to the stacks. It may be of 
cast iron, wrought iron, or steel. 

Stacks and vertical pipes extend from the house drain to the 
roof. Stacks are usualy made of cast-iron pipe, though wrought- 



370 


CONSTRUCl^ION ESTIMATES AND COSTS 


iron or stool pipe with sanitary fittings may be used. Stacks 
may be soil, w;iste, or vont. 

Between the various fixtures and the stacks and connecting 
them are three kinds of pipes, viz: 

Soil pipes, draining a toilet or closet. 

Waste pipes, draining all other fixtures. 

Vent pipes, affording ventilation and preventing siphonage of 
water in traps. 

Soil and wiiste pipes must be located below the fixtures they 
serve. 

Vent pipes are usually connected above the fixture or trap to 
be vented. 

The roiigh plumbing take-off should bo accurate in detail. 
All materials should be listed in an orderly manner so that 
totals may be readily computed, prices inserted, and costs 
computed. 

The local water company usually runs the w’atcr pipe from the 
water main to the lot line and installs a shutoff there. The 
plumber runs the water pipe from the shutoff to the building. 
The water company may furnish and install the water meter, or 
the plumber may do the installing. 

The municipality usually lays the sewer from the nearest main 
to the lot line, and the plumber lays the sewer from the lot lino 
to the building. 

The local gas company usually lays the gas pipe from the mains 
into the building and furin.shes and installs the meter. 

3. Materials for Rough Plumbing. — Pipe of various kinds are 
usually priced per linear foot with other details being given. 
Sometimes the price is per piece, with length and other details 
being given, or per pound or ton with size, thickness, and other 
details being given. 

Pipe fittings may be priced per piece, per dozen pieces, or per 
100 pieces, with kinds, sizes, and other details being given. 
Sometimes they are priced by the pound. 

Valves, traps, and special fittings arc usually priced per piece 
with size, kind, material, and other details noted. 

The data given in this chapter in regard to materials' and prices 
are approximate only and are subject to change from time to 
time, as manufacturers modify their products and prices change. 
The data are included for the purpose of giving the estimator 
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some informarioa for making approximate estimates and for 
checking estimates submitted by niumbers. 

Lead and oakum am usually sold by the pound. About 3 lb. 
Oi pig leaa and lb. oi oaxum are needed for one joint of 4-in. 
ca=(.-iron pipe. Lead may cos; -$0.10 to $0.16 per uound. and 
oakum -$0.07 to -SO. 16 per pound. 

T lirif.ed-clay seicer pipe comes in various sizes and lengths 
(usually 2 to ^ it.jt. The ciiserent diameters are priced per foot 
01 length delivered at the job. Average price ranges are about 
as foUovs. The S and 12 in. are single-strength, and the 24 in. 
is double-strenirth pice. 

S-in. oianieicr, -S0.30 ro 50.45 per lireal fooc. 

12-ai, diameicr. -SO.-SO to -SO.SS per iitteal foot. 

24r-lii. dimteter, -5i2.CO to -53,50 per liceal foot. 

Ccii-iTon ■soil pipe comes in various diameters and weights. 
The length of each section is usually -5 ft., and each section may 
be single hub or double hub. Double-hub sections are useful 
Trhen short lengths axe reqmred. Each double-hub section, 
Tvhea cut into two parts, trill provide tiro short sections each with 
a hub at one end- Diameters vary from about 2 to 10 in., the 
-3-, 4-, 6", and S-im diameters being more common. The pipe 
may come in standard weight or extra-heavy weight. The 
extra-heavy weight is preferred because of its greater strength. 

TiBLS 13-1. — ^SizEs, A5PSGSI1IJS.VS WmcHTS, irra Phiczs o? 5-rr. Szcnoxs 
OF Cisv-rzox' Sixcrs-HTB Son. Pips 

A dosbls-hub scohoa «in weiga {aad cost} sboar 5 per ceat more 
lie correspoadiag sia Ae-aub seciion. 


Diamerer, 

We:gar per o-fi. 
coaads 

ieagta. 

Approximate prices of 5-ft, 
leagtlts 


Standard Extra aeavr 

Staadard 

( 

Extra ireaxy 

2 

iS 

27 

^0, 65— - 00 

$ 0 . 95 -$ 1.45 

3 

25 

47 

, O.SO- 1.45 

1.60- 2.45 

« 

3-5 

DO 

1.20- l.SO 

2.15- 3.25 

5 ' 

45 ;■ 

S5 

1.45- 2.25 

2 . 75 — 4.15 

6 r 

5o 

ICO 

r 2.75 

3.25- 4.S0 

7 !. 


135 

( 

4.30- 6.50 

S i 

^ ^ *■ 

170 

1 r 

5.40- S.IO 

10 

-- 

225 

! 1 

r 

7.20- 10.50 
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Cast-iron soil pipe is usually sold by the manufacturers to 
wholesalers and large dealers by the ton with size, thickness, and 
other details given. Prices (1946) may range from about S60 to 
S80 per ton, f.o.b. factory. Prices vary somewhat vdth the pipe 
diameters, the smaller diameters costing more. Small dealers, 
plumbers, and retailers usually price the soil pipe by the 5-ft. 
section, diameter and weight being given. It is easier for the 
estimator to figure soil pipe by size and length than by weight. 
Prices delh'^ered at the job may range from about $80 to $130 
per ton. 

Table 13-1 gives approximate weights and prices of 5-ft. 
cast-iron soil pipe. Dealers price lists should be consulted for 
accurate estimates. 

Three-inch diameter cast-iron soil pipe is about the smallest 
size that should be used. Four inch is recommended as a 
minimum size. Table 13-2 gives the approximate maximum 
number of fixtures that should be connected to a soil pipe. 

Table 13-2. — Maxhium Nuiibeb of Fjxtithes Connected to Pipe 


Diameter of pipe, 
inches 

Soil pipe alone, 
water closets, 
and toilets 

Combined waste and 
soil-pipe fixtures 

2 


8 

3 

2 

18 

4 

15 

60 

5 

35 

140 

6 

70 

280 

7 

120 

500 

8 

200 

800 

10 

400 

1,500 


Cast-iron soil-pipe fittings are usually estimated by the piece, 
and the price per piece obtained from the dealer. However, 
fittings are often sold by the manufacturer by weight, the price 
per ton averaging about 1.5 to 2.5 times that of the regular soil 
pipe, depending upon the manufacturing difficulties. For rough 
estimating, approximate prices of various fittings may be used 
without causing appreciable errors in the totals. Dealers’ 
catalogues and price lists should be consulted for accurate 
estimates. 
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Tabu: 13-3. — ^AppEOxnrATE Prices of Simple Cast-ieon Soil-pipe 

Fims'Gs 


Size of 
pipe, in. 

Quarter and eighth 
bends 

1 

\ 

! T’s and Y's 

t 

I 

{ 

Cast-iron cleanout 

T's and y*s 

Standard 

Extra 

heavy 

I 

! 

Standard 

Extra 

heavy 

Standard 

Extra 

heavj* 

2 

SO. 20-30. 35 

30.25-S0.45 

30.40-30.60 

SO.5O-S0.S0 

illllll 

31.25-31 50 

3 



■iHjBiUjl 



1.40- 1.85 

•X 

0.36- 0.60 



O.SO- 1.35 


1.55- 2.40 

5 

0.45- O.SO 

0.S5- 1.35 

0.75- 1.20 


1.55— 2.55 

2.00- 3.00 

6 

0.55- 0.95 


0.85- 1.45 



2.50- 3.50 

7 




1.45- 2.50 



s 




l.SO- 3.20 



10 




2.40- 4.10 




Table 13-4. — Steel ant) Weoeght-ieox Pipe Diametebs, Weights, List 
Peices, aed Appeoximatb Discoxjxts 
, Prices are for standard weights 


hTomi- 

Weights, black finish, 
lb. per foot 

List 

price, 

stand- 

Approximate discounts, per cent 

nal 




1 




Nomi- 


Double 

ard 

Wrought steel 

Wrought iron 

size, 

nal or 

Extra 

weight 











m. 

stand- 

ard 

strong 

extra 

strong 

per 

foot 

Black 

Gal- 

vanized 

Black 

Gal- 

vanized 


0.85 

1.08 

1.71 

30.085 

64.5* 


30* 

14* 

3'f 

1.13 

1.47 

2.44 

0.115 

64.5* 


30* 

14* 

1 

j 1.68 

2.17 

3.65 

0.170 

64.5 


; 30 

14 

IH 

! 2. 28 

2.99 

5.21 

0.230 

64.5 

55.5 

' 30 

14 

n-z 

2.73 

3.63 

6.40 

0.275 

64.5 

55.5 

34 

16.5 

2 

3.67 

5.02 

9.02 

0.370 

64.5 

55.5 

33.5 

16 


5.81 

7.66 

13.69 

0.585 

64.5 

55.5 

27.5 

12.5 

3 

1 7.61 

10.25 

18.58 

0.765 

64.5 

00.0 

27.5 

12.5 

4 


14.98 

27.54 

1.090 

62 

52.5 

27.5 

12.5 

5 

mm 

20.77 

38.55 

1.485 

62 

52.5 

28.5 

15 

6 

Im 


53.16 

1.920 

62 

52.5 

28. 5 

15 


* Discounts estimated same as for 1-in. pipe. 


Copper-bearing steel pipe costs about 12 to 15 per cent more than ordinary 
steel pipe. 

Pipe 1 to 3 in, in diameter is butt-welded. 

Pipe 3.5 to 6 in. in diameter is lap-wolded. 
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In this chapter, a plumbing team wiU be assumed to consist of 
one plumber and one helper unless otherwise specified. Hence, 
the actual labor-hours will be twice the team-hours. 


T-iBLE 13-11 . — ^Appeqxhiate TsAit- and Labos-hotteis Reqxjieed foe 

Plumbing Wobk 
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The time required for a certain item of plumbing work will vaiy 
considerably, depending on the particular work, the working 
conditions, and the skill and inclination of the plumber. Rough- 
ing work for plumbing fixtures may be estimated in labor-hours or 
team-hours required per fixture without going into further 
details. Labor for pipework may bo more accurately estimated 
per joint instead of per 100 lin. ft. of pipe, with kind of pipe and 
diameter given. The labor per joint will include all threading, 
hanging, and connecting needed. The larger the pipe, the more 
labor-hours required. It is assumed that an adequate supply of 
nipples, unions, couplings, and other fittings are available. 

Approximate labor-hours and team-hours required for various 
kinds of rough plumbing work are given in Table 13-11. 

When estimating threaded joints, each coupling and valve 
counts as two joints, a T as three joints, etc. The labor-hours, 
and team-hours given for threaded pipe joints in the table are 
based on the assumption that one pipe thread must be cut for 
each joint. When no thread needs to bo cut, the time given may 
be reduced 35 to 50 per cent. Each fitting wll require two joints 
on an average. 

The wages for plumbers may vaiy from about SI. 25 to S2.25 per 
hour, with average values between SI and S2. Wages of plumb- 
ers’ helpers may vary from about SO. 65 to SI. 25 per hour, and 
in any locality are approximately equal to about half the plumb- 
er’s wage. 

Diagram 13-1 (page 630) may be used for estimating the labor 
cost of pipe work and Diagram 13-2 (page 631) for the labor 
cost of rough plumbing work when the hourly combined wage of 
plumber and helper is known and the time required may be 
reasonably assumed. 

6. Equipment. — The equipment needed will vaiy with the 
character and size of the job. Each team may need the follovdng: 

Pipe cutters. 

Pipe threaders. 

Vise, and frame for holding vise. 

Workbench. 

Wrenches. 

Calking tools. 

Lead-melting pot. 

Lead. 
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Oakum for calking. 

Blowrorch. 

Hammers, chisels, and other small tools. 

Ladders, satvhorses and planks, etc., for temporary scaffolds. 

The cost of a set of tools required for one team will be com- 
paratively little for one job. The cost of transporting eauiument 
to and from the job must not be neglected. The cost will vary 
■with the magnitude of the job and the length of time required. 
Equipment costs per team per job may range from §5 or so up to 
S20 or .$25. 

6. Overhead and Profit. — Overhead on rough plumbing jobs 
maj’ be based on labor costs alone or on the sum of labor, mate- 
rials, and equipment costs. K costs of materials are estimated 
at retail prices delivered at the job, then no overhead and profit 
on materials should be included in the estimate because these 
retail prices include allowances for these items. 

General overhead, based on labor, may range from 15 to 35 per 
cent of the labor costs, plus compensation insurance, social 
security* and other taxes. Compensation insiuance for plumbers 
varies in different states, and may range from 1 to 5 per cent of 
the labor wages, vdth about 3 per cent as the average. Total 
overhead based on labor costs alone may range from about 
20 to 45 per cent ''ivith an average of about 30 per cent. 

Other items that are usually included in the overhead are the 
costs of all fees and nennits to be paid for by the contractor. 
The water company and sewer department charge for extending 
the water pipes and seweis to the lot line. The gas utihty 
charges for la'ving the gas pips from the main into the building 
and installing the meter. Sometimes these charges are paid by 
the owner directly, and sometimes they are paid by the con- 
tractor. If paid by the contractor, such charges may suitably be 
included in the overhead costs. The costs of these items are in 
addition to the percentages given. 

If profit has not been included in the material prices, the 
percentage aUowed for profit may range from 8 to 20 per cent 
of the sum of all other costs. If profit on materials has been 
included in the material prices, the job profit should be figured 
on the labor and equipment costs. 

7. Summary.— The rough plumbing estimate should be tabu- 
lated and siunmarized to show the total costs of materiak, labor. 
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.MatoHaii o^tiniate, Local prices; (1916) are used. 


Sewer line, 100 ft. (20 pieces), 

•S-in. soil pine at 2.40 per piece 
15 ft. (3 pieces). 2- 

in. drain pipe at 1.35 per piece 
7 fittings for 4-in. 

pipe at 1.25 each 

4 fittings for 2-m, 
pipe at 0.75 each 

2 cast-iron traps at 1.50 each 
1 incre;i.--er for 4- 
in. pipe at 2.00 each 

1 basement-floor 
drain and trap at 3.00 each 
Total 

Water line, 200 ft., ? j-fn. gal- 
vanized steel 


= $ 48 

= 4 

= 9 

= 3 

= 3 

= 2 

= 3 

= S 72 


pipe at 7.50 per 100 ft. = .$ 15 


50 fittings at 0.10 each = 5 

2 faucets in. at 1.00 each = 2 

1 valve ill- at 1.00 each = 1 

Total = ?23 

Gas lino, 52 ft., ^.j-in. black 

steel pipe at 7.00 per 100 ft. =84 

16 fittings at 0.10 each = 2 

Total ~ 8 6 

Materials total = 8101 

Labor Cotimate. Local wages, plumber 82, helper 81, 
total for team of S3 per hour. 

Sewer line. Trench, 35 ft. long, 7 ft. deep, dug and 

backfilled by laborer, 35 hr. at SO.SO = 8 28 

15 Joints of 4-in. pipe at 0.40 hr. = 6.00 team- 
hours 

10 joints of 2-in. pipe at 0.36 hr. = 3.60 team- 
hours (most pipe ends threaded) 

9.60 team-hours at 83 = 29 


Water line. Trench, 35 ft. long, 5 ft. deep, dug and 

backfilled by laborer. 25 hr. at 80.S0 = 20 

97 joints of J^-in. pipe at 0.12 = 11.67 team- 
hours at 83 (almost all pipe ends threaded at 
shop) = 35 

Gas line. 29 joints of ?^-in. pipe at 0.12 hr. = 3.52 
team-hours at 83 (most pipe ends threaded at 
shop) 

Roughing work, water closet 8 hr., lavatory 5 hr., 
bath tub and shower 10 hr., kitchen sink 6 hr.. 


11 
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laundrj’’ tubs 5 hr., floor drain installed 3 hr., or 


a total of 37 team-hours at S3 =111 

Total labor = $234 

Equipment: All equipment charges, including lead 
and oakum for calking, and transportation of tools 
to and from shop, estimated = $ 20 

Overhead: Taken as 30 per cent of labor (S234) = S 70 

Gas company charge $30 plus plumbing 

permit SS = 3S 

Total overhead = $108 

Profit: Taken as 10 per cent of all other costs 

($463) = S 46 

Rough plumbing total = $509 


B. FINISH PIUMBIHG 


9. Finish Plumbing Take-off. — ^The take-off for the finish 
plumbing will include a list of aU items and fixtures that are to 
be furnished and installed by the contractor. The listing should 
include for each fixture a brief note stating the kind, size, and 
make of fixture and any other information necessary for pricing. 
For example, a complete description of a bath tub should include 
the following: 

Tub, size, leg, or built in, corner or recess (if built in), style, 
finish, and color. 

Accessories and fittings, number of each, style, make, finish. 

Shower if included with tub. Shower accessories, names, 
number, style, make, finish. 

Pole and curtain, if included, together with pole fittings, make, 
finish. , 

Items that may be included in a finish plumbing take-off are 
lavatories, urinals, closets, showers, bath tubs, foot baths, slop 
sinks, kitchen sinks, laundry tubs, washers, water softeners, and 
all extra and special items given in the plans and specifications. 
Accessories are usually included with the fixtures. If not so 
included, aU accessories must be listed separately. Other items 
that are sometimes furnished and installed by the pumber include 
gas stoves (kitchen), laundry stoves, and water heaters. It 
should be noted as to what fixtures are to be piped for hot, cold, 
and soft water as the case may be. The water meter is usually 
furnished by the local water company, and may or may not be 
installed by the plumber. The gas meter is usually furnished 
and installed by the local gas company. 



Item 


series 


Lavatory 

\?i 5i_;5 9* 

; ^ f oin 

Water closet, complete 



Urinal, one stall with stall 


3- 10 

Shower, without stall 


3- 10 

Shower, with stall 


5- 10 

Bath tub, with legs 


5— 15 

Bath tub, built in 


5— 25 

Bath tub and shower 


15- 50 

Foot bath. . 



Kitchen smk and dish-washing compartment 


8- 20 

Kitchen smk, double drain 

29- 75 

6- 15 

Kitchen sink, single drain 


6- 12 

Kitchen sink, small single drain 


4- 10 

Slop .sink. . 

6- 12 

3- 5 

Laimdry tubs, pair 

7- 20 

3- 7 

Gas range, cooking 

30- 150 

0- 25 

Gas laundry stove. 

2- 15 


Water softener, large, 60,000 grain 



Medium, 40,000 grain 



Small, 20,000 grain 



Water heater, gas, automatic, 20 gal 



Gas, automatic, 40 gal 



Gas, side arm. 







Tanks, for water, vary with size up to 100 
gal. uninsulated 


Insulated 


and ac- 
cessories 


S 12-S 35 
15— 50 
23- 60 
6 - 20 
35- 75 

20— 55 
40- 125 
50— 150 
13- 48 
60- 120 
35- 90 

21- 62 
16- 30 
11- 17 
10- 27 
30- 175 

2- 15 
100 - 200 
75- 150 
50- 100 
40- 90 
60- 140 
5— 30 

10- 30 
20- 50 
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Accessories for a kitchen sink would include faucets, supply 
pipes, waste and drain pipes, screens, traps, legs (if any), cabinet 
(if any), and drainboard (if separate). 

10. Materials for Finish Plumbing. — ^The costs of the fixtures 
and accessories vary greatly with regard to make, kind, t 3 rpe, 
and quahty. The best and most accurate way of obtaining the 
costs of the materials is to consult the dealer (or dealere) and 
enter the price of each fixture in its proper place in the take-off. 
Fixtures and accessories are usually dehvered packed or crated 
at the job, but may be dehvered unpacked and ready to install. 

Table 13-12 gives approximate prices of medium-grade fix- 
tures and accessories. 

Table 13-13. — ^Approximate Tbaai- and Labor-hours Required fob 
Installing Fixtures and Accessories 


Fixture 

Team- 

hours 

Labor- 

hours 

1 

Lavatory 

3- 5 

5- 9 

Water closet 1 

3- 6 

5-10 

Urinal with stall 

6-10 

12-20 

Shower with stall 

12-16 

20-30 

Shower without stall 

3- 5 

5-10 

Bath tub 

5-10 

10-20 

Bath tub with shower 

7-15 

14r-30 

Foot bath 

■ir- S 

S-15 

Laundry tubs, pair 

3- 5 

6-10 

Kitchen sink, small 

3- 6 

6-12 

Kitchen sink, large 

4r- 8 

8-15 

Slop sink 

3- 5 

6-10 

Gas laundry stove 

2- 3 

3- 5 

Gas kitchen range 

2- 4 

3- 7 

Water heater, gas, automatic with tank 

Water heater, gas, side arm. 

3- 7 
3- 6 

5-12 

5-10 

Water tank 

3- 5 


Water softener 

3- 6 

5-12 



11. Labor. — The labor required for finished plumbing is that 
required for instalhng and connecting up the fixtures and acces- 
soiies. Sometimes the fixtuz’es and accessories are delivered 
packed and crated. Then they must be unpacked and assem- 
bled as well as installed. 
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Installing and connecting fixtures and accessories is usually 
done by men working in two men teams, each team consisting 
of one plumber and a helper. Sometimes a plumber needs a 
second helper when the fixtures are heavy and there is much 
lifting and moving to be done. 

The team time required for installing fixtures will depend on the 
type, kind, and size of fixture, the number of accessories, the 
working conditions, and the skill and inclination of the men. 

Approximate team- and labor-hours are given in Table 13-13. 

Wages for finish plumbing work are the same as for rough 
plumbing. Plumbers' wages vary from about SI. 25 to $2.25 per 
hour, and helpers’ wages from about SO. 65 to $1.25 per hour, 
^ving two man team wages of about S2 to 83.50 per hour. 

Diagram 13-3 (page 632) may be used for estimating the labor 
cost of finish plumbing work when the hourly wages of plumber 
and helper are known and the time required may be reasonably 
assumed. 

12. Equipment. — ^The equipment required for installing fix- 
tures and accessories will usually include only the ordinary 
plumber’s hand tools. Other equipment, such as pipe threaders, 
scaffolding, and calking outfits, will rarely be needed. 

Equipment costs for finished plumbing work may range from 
about S2 or S3 to So or $10 per team, depending upon the magni- 
tude of the job and the time required. 

13. Overhead and Profit. — Overhead on finish plumbing work 
is usually based on labor costs. The percentage will be prac- 
tically the same as for rough plumbing work, say 20 to 45 per 
cent of the labor costs, with an average value of about 30 per cent. • 

Permits for installing fixtures are sometimes required, and may 
cost about SI per fixture. The cost of these permits may be 
included in the overhead. 

Profit is usually based on the sum of all other costs if no profit 
has been charged on the fixtures. If the prices lor the fixtures 
include profit, then the job profit should be based on the sum of 
labor, equipment, and overhead costs. Percentages charged for 
profit may range from about 8 to 20 per cent. 

14. Summary. — ^Estimates for a finish plumbing job will 
include materials, labor, equipment, overhead, profit, and total 
cost. The cost per fixture is sometimes computed. If desired, 
a summary ma y be prepared as in Art, / of this chapter. 
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16. Illustrative Estimate of Finish. Plumbing. — ^Prepare an approximate 
cost estimate for the finish plumbing for the six-room house of the Illustra- 
tive Estimate of Rough Plumbing described in Art. S of this chapter. 

It is assumed that the owner has looked over the plumbing-fixture cata- 
logue with the contractor and has selected the fixtures desired. The follow- 
ing list gives the fixtures and prices. The prices are retail and include 
plumbers’ profit. Prices are for fixtures complete with accessories. 


Materials: 

SO-gal. automatic gas water heater = $55 

Twin laimdry tubs = 15 

Two-bumer gas laundrj' stove = o 

42-in. left-hand-drain apron-front kitchen sink = 36 

Built-in corner bath tub with shower and curtains = S3 

Closet or toilet = 32 

Wall lavatory = 21 

Total ~ ~ = S347 

• Labor installation. Plumber and helper, S3 per hour 

Team-hours 

Gas water heater 5 

Twin laundry tubs 4 

Gas laimdry stove 2 

Kitchen sink 6 

Bath tub, shower, etc 12 

Closet 6 

Lavatory 4 

Total team-hours 39 at S3 = S117 

Equipment, estimated as S8 per job = S 

Overhead, 30 per cent of labor (SI 17) = 35 

Profit, 10 per cent of labor, equipment, and overhead ($1600) (profit 

on materials included in materials prices) = ^ 

Finish plumbing total = S423 


C. TOTAL OR COMBINED PLUMBING ESTIMATES 

16. Combined Plumbing Estimates. — On many jobs, the 
plumbing contractor estimates both the rough and finish pliimb- 
ing and submits a bid for the entire job. When preparing such 
estimates, the rough and finish plumbing costs are usually esti- 
mated separately and then the sum of both costs is found. 
Sometimes the estimator estimates the materials, labor, and 
equipment separately for the rough and finish plumbing, and 
then estimates overhead and profit for the combined job. 

17. Illustrative Estimate. — ^Por an example of an estimate for a combined 
plumbing job, the following tabulation has been prepared, using the costs 
estimated in the preceding estimates for rough and finish plumbing. 



Item 

1 

Eough 

f ^ 

^ irinish 

Total 

plumbing i 

• plumbing 

Materials 

■SlOl i 

; S247 : 

S34S 

Laber 

234 1 

117 * 

2-51 

Equioment 

20 1 

; s t 

2S 

Chreriiead 

lOS 1 

35 

143 

Profit 

46 i 

16 f 

62 

Total 

-S509 j 

' -S423 f 

; i 

$932 
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ELECTRICAL WORE! 

A. ELECTRICAL WORK; IN GENERAL 

1. Electrical Work. — ^The electrical work on a bunding is 
almost always done by a subcontractor experienced in this 
kind of work. The estimates for this work are usually prepared 
by the subcontractors who submit bids. The general con- 
tractor, or his estimator, rarely has to prepare estimates for 
electrical work except, perhaps, as a check on the estimates and 
bids submitted by the subcontractors. 

The purpose of this chapter is to give enough information 
regarding estimates for electrical work so that the general con- 
tractor, or his estimator, will be able to prepare approximate 
estimates for checking and for determining whether or not the 
bids submitted for electrical work are reasonable. 

The electrical work required for a building may be divided 
into two parts, the wiring or “rough” work, and the fixtures or 
“finish” work. 

The electrical wiring or rough work is installed as the building 
is erected. This rough work includes nearly everything from the 
place where the supply mains enter the building up to the out- 
lets in the walls or ceilings. Some of the materials to be con- 
sidered are wire, conduit, switches, fuses, fuse boxes, outlet 
boxes, and floor plugs. 

Electrical wiring may be “open” or “concealed.” Open 
wiring is rarely used except on temporary and hasty construction 
jobs. Many localities now prohibit the installation of open wir- 
ing. The methods used in concealed wiring are “conduit” and 
“knob and tube.” The use of knob and tube work is decreasing 
and is prohibited in many instances. Conduit work may be of 
the rigid-, flexible-, or armored-cable types. 

The electrical fixtures are usually installed after the building 
is practically completed; i.e., after the lathing and plastering are 
done and, in many cases, after the painters are through. 

388 
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An estimate for the electrical fixtures is rarely called for 
because the selection of the fixtures is usually left to the owner 
or architect. Sometimes a lump sum is provided for in the 
contract for the electrical fixtures with the understanding that 
if the fixtures selected cost more than’ this stun, the owner pays 
the difference, and vice versa. 

At the present time, the Xational Electrical Code is used to a 
large extent throughout the United States. Some states and 
locahties have their own special codes which differ somewhat 
from the national code. In many instances, the national code is 
required with some exceptions and additions. The code regula- 
tions governing the particular job should be carefully studied 
before a detailed electrical estimate is prepared. 

A set of standard symbols for electrical wiring work has been 
adopted and is in use in most parts of this country. Some 
localities have their ovra special S 3 Tnbo]s which they use in 
place of, or in addition to, the standard symbols. Consequently, 
the electrical estimator should be familiar with local symbols as 
well as with the standard symbols. 

2. Estimating Electrical Work. — The items included in an 
estimate of electrical work are materials, labor, equipment, over- 
head, and profit. 

The cost of electrical work will depend upon the amoimt, kind, 
quality, and price of the required materials; the kind of work; 
the skill, inclination, and wages of the workmen; the equipment 
required; the overhead expense, including shop expense, general 
overhead, compensation insurance, and social-secunty taxes; 
and the profit charged. Code requirements, local ordinances, 
and labor regulations also affect the costs. 

Tk^ accm-acy of the estimate will depend upon the time and 
effort exerted when preparing the estimate; upon the skill 
and qualifications (experience and judgment) of the estimator; 
and upon the method followed. 

3. Estimating with Plans. — ^In most, cases, it is undoubtedly 
more scientific, businesslike, and accurate to make a detailed 
analysis of the circuits. Such an analysis is almost necessary 
when the experience of the estimator is hmited or when unusual 
conditions are met. An analysis is best made from the archi- 
tect’s or electrical engineer’s plans and specifications. The 
plans should be gone over in a ^stematic m a nn er, and all outlets 
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as well as corresponding paragraphs in the specifications should 
be checked ^rith a red pencil in order to be certain that every- 
thing is included, and also to avoid estimating t-nice on the same 
items. If complete and detailed data are given in the plans and 
specifications, the estimator has only to write down the details 
on an analysis sheet. From this, the cost of material is readily 
determined and the labor-hours are estimated. 

If complete detailed v.iring plans are not available, it is often 
desirable for the electrical contractor to prepare his own detailed 
layouts or wiring pdans and have the plans approved before start- 
ing work. The layout should show the location of each circuit 
on each floor and should show aU cutouts, switches, meters, 
plugs, fuse boxes, etc. 

4u Estimating without Plans. — When detailed plans and 
specifications for the electrical work are not furnished, it is 
advisable for the estimator to go over the general plans and 
.specifications very carefully and note the location of all outlets, 
such as swatches, meters, plugs, fuse boxes, and cutouts. 

A very useful aid for the estimator in determining the details 
is for him to sketch the floor plans of the building upon sheets 
of cross-sectional paper having eight divisions per lineal inch. 
One or more sheets should be used for each floor. A scale of 
34 oi” M ha. to the foot wall usually be satisfactory. By jotting 
dowai other information as to the kind of building, Vi^alls, and 
especially any unusual conditions, the estimator can readily get 
the necessary data for making reliable estimates. Sketches 
prepared in this way aid materially not only in making esti- 
mates of material and labor, but they are also of great value to 
the tvorkmen who install the wiring. These sketches also help 
in eliminating a large part of the disputes ivith cu-stomers, since 
disputes are usually due to some misimderstanding concerning 
the work to be done. 

After the sketches are prepared, the estimator should go over 
them with the architect or owner to determine if the estimator’s 
ideas are reasonably correct and satisfactory. Then, after the 
sketches have been approved, the estimator can prepare the 
estimate. 

5. Approximate Estimates Based on Cost per Outlet. — An 
approximate and common method of estimating electrical-wiring 
costs on small- and medium-sized jobs is to base the estimate on 
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the average cost per outlet. WTien the est ima tor has complete 
and up-to-date information at hand, this method of estimating is 
satisfaetorj’- for a quick preliminary estimate and for a check on a 
more detailed estimate. 

There are many variables to be considered when estimating 
vriring costs. Among these variables are the kind of wiring 
(conduit or knob and tube), code used, local ordinances, kind and 
quality of materials specified, material costs, labor costs, labor 
regulations, kinds and quahty of labor, and difficulties pertain- 
ing to the particular job. 


Tabub 14-1. — ^AppROxmATs Costs of Electric Outlets 


Outlet 

j 

Knob and 
tube 

Fle.xible and 
thin-waU 
rigid (light) 
conduit 

Rigid hearw 
conduit 

Electric wiring (52, 110, 220 volt): 

.$3.00-$ 

5.50- 

3.00- 

7. '50 

.S3. 75— .5 9.00. 

.$4.50-S11.50 

Combioation switch and fuse 
Fuse box 

10.00 

7.50 

6.00- 

3.75- 

I 2 .OOI 

9.00 

! 7.00- 15.00 

I 4.50- 11.50 

Oiitont box 

2.50- 

5.00 

3.00- 

6.50 

3.75— 

7.50 


3.00- 

7.50 

3 . / 0 — 

7.50 

4.50- 

9.00 


2.00- 

5.00 

2.50- 

5.75 

3.00- 

7.50 


3.00- 

5.75 

3.75— 

6.50 

4.50- 

9.00 


3.75- 

6.25 

4.25- 

7.50 

5.00- 

10.00 

Fixture outlet (without fixture 

1.75- 

4.50 

2.50- 

6.25 

3.00- 

8.25 


1.75- 

4.00 

2.50- 

5.75 

3.00- 

6.50 


2.50- 

5.00 

3.00- 

7.00 

3.75- 

9.00 

Electric bell (6 to 12 volt about) : 

1.50— 

3.25 

1.75- 

3.75 

2.50- 

4.50 

Bell or buzzer switch or push 

hiif.ton 

|t.5J5- 

2.50 

1.50- 

3.25 

2.00- 

3.75 

Bell or buzzer transformer 

2.25- 

i 

• 3.75 

2.50- 

5.00 

3.00- 

5.50 


The cost per outlet varies considerably: >.2 and up for open 
work, about S2.50 and up for knob and tube wou-^, and S3 and 
up for conduit work. At the present time, the ave^^ge cost per 
outlet for conduit work in nndwestern medium-sizc'd cities is 
S4 to SS. When the number of outlets per room or per building 
is high, the cost per outlet is usually less than when the ncimber 
of outlets is low. 
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To determine the number of outlets in a room or building, it 
is necessary to count all the floor and wall plugs, aU the switches, 
and all the wall and ceiling light fixtures required. The total 
cost is equal to the estimated cost per outlet multiphed by the 
number of outlets. The costs of leads from transformer or from 
the electrical company’s lines to the btulding, main switches, 
mfihi fuse boxes, etc., must be included in the estimate as an 
extra item. 

A more accurate approximate method is to list all the different 
kinds of outlets separately, and to use different prices for each 
kind of outlet and class of work. The outlets listed should 
include the meter outlet, main switches, fuse boxes, wall and 
eeihng fixture outlets, wall two-way, three-way, and four-way 
switches, and floor and base plugs. Each of these is called an 
outlet and is hsted and priced accordingly. In addition, such 
items as doorbells, push buttons, and bell transformers arelisted 
and priced. Approximate costs are given in Table 14-1. Costs 
of light fixtures are not included. 

B. WIRING OB BOUGH ELECTRICAL WORS 

6. Materials Take-off. — Before beginning the take-off, the 
estimator should make a careful study of the particular layout 
so that he may have a good general idea of the ]ob. Sometimes 
the layout may be'-spodified so as to save on the materials and 
labor or to improve tika^eneral wiring plan. 

The materials take-off fc^the rough work is a complete list of 
all the materials required. The items included may be conduit, 
fittings, wire, outlet boxes, cuteout boxes, switches, plugs, fuse 
boxes, main switches, meter bfoards, knobs, tubes and nails, 
panel boards, and mshi switch ^^Ad fuse boxes. Other items may 
be bells, buzzers, amnm pi--anrs, bell transformers, dry batteries, 
push buttons, bell wp:e, etc. On some jobs there may be special 
items such as swi+ thboards, large panel boards, dynamos, motors, 
and other electrical machinery. These special items should be 
included in the estimate for the rough work if installed at tlie 
time the rough wiring is done. If installed at the same time as 
the fixtures, these special items should be included in the finish 
estimAte. Note if any of the special items require extra work 
^clj as foundations and insulation. 
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A satisfactory method is to begin at the entrance of the service 
■nires or leads and list the service wires, switch, cabinet, panel 
board, meter board, cutout bos, fuse box, etc. Then each floor 
of the building may be taken in order and aU items on each floor 
listed. The estimator must include all vertical conduit and 
wiring between floors as well as the horizontal wiring. If 
desired, each room of each floor may be taken separately. 
Sometimes an estimator starts with a circuit as it leaves the mpin 
switch box, itemizes all materials connected with that circuit, 
and then takes aU the remaining circuits in order. When going 
over the plans in this manner, it is necessary to measure or 
estimate the lengths of the circuits. 

The use of specially devised blanks or forms are an aid in 
accurate estimating, as they tend to help the estimator to keep 
his details in a lo^cal and orderly manner, and they also ma}"- be 
arranged to serf's as a reminder list if all the various items are 
shown on them- Some est ima tors make a practice of tising a 
good reminder list to help them in avoiding errors and omissions. 

After the materials take-on is completed and checked, all the 
items may be priced, their costs estimated, and the totals found 
for the materials cost. Careful attention should be given to the 
bujdng so that the materials costs will be a minimum. It is 
often advisable to obtain prices from more than one firm. When 
computing the cost of any material, the cost of freight, insurance, 
drayage, breakage, waste, and handling should be included so as to 
obtain the materials cost delivered at the job. 

7. Materials.— The wire used for electrical work is insulated 
copper wire of various diameters. The tvire maj’ be solid or 
stranded. Eubber insulated wire is xised indoors, and weather- 
proof outdoors. There are many types of insulation suitable for 
different pumoses. Two or more insulated wires may be woven 
or twisted together. A cable usuallj' consists of two or more 
insulated wires in parallel and all covered with extra insulation. 

The units for measuring wire are the foot for length, the mil or 
gage number for diameter, and the circular mil for area. A mil 
is 1/1,000 in. The circular mil is the area of a circle 1 mil in 
diameter. Table 14-2 gives information concerning insulated 
wires. Wires smaller than Xo. 12 or 14 should not be used for 
electric lighting and power rough work. Smaller wires are often 
satisfactory for bell and buzzer wiring. Wires may be either 
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solid or stranded. There are various types and kinds of armored 
\vire and cable on the market, each cable usually containing two 
wires (sometimes one only and sometimes three or more). 
These cables are comparatively e.xpensive, the price varying 
mth the number and size of the wires and the insulation and 
armor. 

T.\ble 14-2. — Insul.\ted Solid Wires. Di.\.meters, Are.vs, .vs'd 

C.VKHYI.VG C.\p.vci'n' 


Caro'ing capacity 


Approximate price 
per 1,000 ft. 


B & S 
gage 
number 


15 

16 
14 
12 

10 

8 

6 

5 

4 

3 

2 

1 

0 

00 

000 

0000 


Diameter 
solid wire, 
mils 

(1 mil = 
0.001 in.) 


40.3 

50.8 
64.1 

50. 8 

101.9 
128.0 
162.0 

181.9 

204.3 

229.4 

257.6 
289.3 

325.0 
364.8 

409.6 
447.2 

460.0 


Area, 

circular 

mils 


1,624 

2,583 

4,107 

6,530 

10,380 

16,510 

26,250 

33,100 

41,740 

52,630 

66,370 

83,690 

105,500 

133,100 

167,800 

200,000 

211,600 


Rubber 

insula- 

tion, 

amperes 


3 

6 

15 

20 

25 

35 

50 

55 

70 

80 

90 

100 

125 

150 

175 

200 

225 


Other 

insula- 

tion, 

amperes 


5 

10 

20 

25 

30 

50 

70 

SO 

90 

100 

125 

150 

200 

225 

275 

300 

325 


Rubber- 

covered 

indoor 


$4-3 6 
5- 6 
5- 7 
8 - 10 

11- 15 
20- 25 
33- 40 

40- 50 
45- 60 
55- 70 
67- 85 


Weather- 

proof 

outdoor 


,S 4—8 6 

5- 6 

6- 7 
S- 10 

10- 14 
14- 20 
21- 27 

30- 35 
40- 45 
50- 55 
60- 65 


Wire is usually estimated in lineal feet vdth details such as size 
(gage), insulation, and solid or stranded noted. The allowance 
for waste, splicing, soldering, etc., may vary from about 5 to 
10 per cent or so. Some estimators allow an extra foot for each 
outlet, 2 ft. for each main switch, and 3 to 5 ft. for each main 
circuit. 
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The conduit used may be rigid conduit, flexible conduit, flexible 
tubing, or armored cable. Rigid conduit is made of light gal- 
vanized steel pipe and may be hea\'y (outdoor and indoor) or 
light (indoor only). The heavy cannot be bent and requires 
threading and many fittings. The hght rigid conduit can be 
bent and docs not require threading. Flexible conduit is 
made of two spirally woimd interlocking metal strips. Flexible 
tubing is made of fibrous materials. Flexible tubing is rarely 
tised except with knob and tube work. Armored cable is like 
flexible conduit except that the conduit is made in place over the 
conductors (usually 2 or 3) so that both conduit and conductors 
can be installed together. 

Conduit of various kinds is usually estimated in lineal feet, 
with diameter, kind, and other details being noted. The allow- 
ance for waste should be small, say 2 to 5 per cent. 

Flexible tubing costs about .$1 to $3 per 100 ft., and comes in 
about >^2 j Mj and bi. inside diameters. 


Tablj: 14-3. — ^Abmoeed Cxbls 


Gage 


M 

1 ^ 



■BE 

m 

Approx, price per 1,000 ft 

.... ^$36.S54;-$47 .S65;-$6S;.$120 .$150'S195j 
i i 1 i ! f i 1 1 



Txbls 14.4. — Rigid Light-weight (Thix-wau.) Coxdcix axd Fxttixgs 



t 

Size, inches 


Item 

i 

1 

1 K 

i I 

1 

1 ,1K 

1 

Approximate price per 100 ft. of 

1 conduit or 100 fittings 

Conduit (10-ft. lengths) 

•$ 5 

$ 7 

[ 

-$ 9 

$13 

Couplings 

11 

15 

23 

40 

Connectors 

9 

11 

21 

40 

Adapters 

i 5 

s 

12 

20 

Straps 

i 2 

i 

4 

5 

7 


Flexible conduit is usually available in the and M-hi- trade 
sizes and may cost about §/ to v>10 per 100 ft. 
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Tables 14-3 to 14-6 contain information in regard to armored 
cables, conduits and fittings. Prices of various electric-'wiring 
materials are given in Table 14-7. 

Attention is called to tbe fact that tlie prices gh'en are approri- 
mate only, and for the j’-ear 1946. Prices will vary considerably 
from time to time. Prices will also vary with the make, grade, 
and quality of any article. Consequently, the estimator should 
secure the actual local prices in force at the time he is preparing 
the estimate. 


T.\bi.e 14-5. — Rigid Heavy-weight Coxduit and Fittixgs 


Item 

1 

Size, inches 


y-i 

1 


iM 

Approximate price per 100 ft. of conduit 
or 100 fittings 

Conduit (10-ft, lengths) 

i 

$ 9 

1 

$11 

$17 

$23 

$30 

Conphngs 

10 

13 

17 

22 

29 

Elbows 

23 

29 

46 

5S 

75 

Lock nuts 

2 

2 

3 

3 

4 

Bushings 

2 

o 

4 

5 

6 

Straps (malleiible) 

o 

4 

5 

6 

7 

Straps (galvanized) 

o 

W 1 

2 

2 

1 2 

2 

Entrance caps and L’s. , 

32 

40 

52 

75 

96 


Rigid hea^^-weight conduit is available in larger size-s up to 
6 in. in diameter. Rigid heavy conduit up to about in. may 
be bent to a fairly large radius (1 ft. or so) with suitable tools. 

For special items for electrical rough work, the estimator 
should consult the local dealers and secure their prices. 

For large pieces of apparatus, such as engines, generators, 
motors, and motor-generator sets, it is adrisable to secure bids 
from the factory for the complete apparatus, delivered and erected, 
together with foundations, connected ready for service. If the 
prices of the apparatus are f.o.b, factory or nearest railway sta- 
tion, the estimator may estimate the cost of the apparatus 
installed on the job according to the method given in Chap. XW 
on Hea\’^’’ Machinery. In addition to the cost f.o.b. railway 
station, the estimator Avill have to estimate the cost of unloading 
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and transporting the apparatus to the site, erecting the apparatus 
on its foundations, li nin g up, and making all necessary wiring 
connections. In some eases, the cost of building the foundations 
will need to be included. Often the factory may provide the 
electrical machine and the contractor who installs it must pro- 
vide the wiring materials, switches, fuses, switchboard panels, 
etc., as well as furnishing aU labor required for the complete 
installation with machine ready to run. 


TabLS 14 - 6 . UMBER OF WiRES AXD MI^^MUM SiZH OF COWDUIT 


Size of 

Xiunber of wires in one circuit 

Tvire 

B&S 

1 

1 

1 - 

3 

. -i 

1 

\ 

\ “ 

6 

n 

8 

9 

gage 

1 Minimum size of conduit, inches 

1 

14 

>3 

II 

II 

1 

H 

K 

i 1 

1 

1 

1 

12 


II 1 

1 ! 

H 

H 

i 1 

1 

1 

IK 

10 

II 1 

M 


1 

1 

1 1 

IK 

HI 

IK 

S 

II i 

1 I 

K 

1 

1 

1 

1 IK 

IK 

i IK j 

HI 

6 

II 

1 

IK j 

IK 

HI 

HI 

2 

2 

2 

5 

K 

m ' 

IK 

IK 

HI 

2 

2 

2 ' 

2 

4 

^ i 

m j 

IK 

HI 

2 

o 

2 

2 

214 

3 


1 

iH ! 

i m 

HI 

2 

2 

2 

2M 

211 

2 


IK ■< 


HI 

2 

i 2 

j 2K 

I 2K 

214 

1 


HI 1 

* IK 

[ 

2 

2 

1 2>4 

1 2>4 

' 3 

3 

0 

1 

2 

2 i 

2 

2K 

1 2K 

Is 

' 3 

3 

00 

1 

2 

2 

211 

2K 

3 

3 

3 

3>4 

000 

1 1 

2 

! ^ 

214 

*> 

O 

3 

1 3 

3K 

3K 

0000 

; m 

2 

1 2H 

2K 

3 

3 

3H 

3K 

4 


8. Labor. — ^The labor of electrical wiring or rough work is per- 
formed b 3 * electricians with or ^vithout the help of apprentices or 
helpers. A team of two electricians, or of one electrician and 
one helper, is a good working combination, especiallj' on small 
jobs. Medium-sized and large jobs may require several electri- 
cians and helpers working under the direction of a foreman. 

The labor required per outlet or for a certain item of work will 
vary vith the t 3 *pe of work, the working conditions, and tiie skill 
and inclination of the workers. The amount of time required 
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T.VBLB 14-7. — Various Electric Wiring Materials and Approxlmatb 

1946 Prices 


Item 


Price 


Main switches, up to 60 amp., each 

Fuse cabinets, 60 amp. or less, each 

Combination main switch and fuse cabinets, 60 amp. or less, 

each 

Fuse cutout boxes, each 

Outlet, switch, receptacle, boxes, galvanized, per 100 

Outlet box covers, galvanized, per 100 

Outlet boxes with brackets, galvanized, per 100 

Porcelain outlet boxes, per 100 

Porcelain outlet box covers, per 100 

Switches, toggle, 2-way, per 100 

Switches, toggle, 3- and 4-way, per 100 

Switches, push button, 2-way, per 100 

Switches, push button, 3- and 4-way, per 100 

Convenience outlets, single and duple.x, per 100 

Bar hangers, per 100 

Fuses, round glass, 10 to 30 amp., per 100 

Fuses, cartridge, 15 to 30 amp., per 100 

Fuses, cartridge, 35 to 60 amp., per 100 

Glazed split knobs, per 100 

Tubes, per 100 ; 

Cleats, 2 wire, jier 100 pair 

Fle.xible loom in., 100 ft 

Receptacles and drop-cord cleats, per 100 

Brackets, oak, per 100 

Bracket insulators, per 100 

Service insulators, per 100 '. 

Friction and rubber tape, 100 oz 

Bell, buzzer, annunciator wire, per M ft 

BeU transformers 

Bells and buzzers, per 10 

Push button, per 10 


S2-S7 

2- 7 

3- 12 
1 - 2 

10-12 

3- 6 
15-20 
15-20 

8-10 

10-30 

15-60 

10-45 

15-75 

9-25 

8-12 

4— 6 
4- 6 
8-12 
1 - 2 
1 - 2 

2- 3 
1 - 2 
7-15 

3- 4 
6 - 8 

10-16 
2- 3 
2- 4 

1- 3 

2 - 8 
1 - 2 


for the rough work per outlet may vary from less than 1 hr. to 
3 or 4 hr. The labor per outlet will vaiy with the kind of wiring, 
being least with armored cable and knob and tube work and 
greatest with heavy rigid conduit work. The labor will also 
vary with the size of conduit and the size of the wires, the larger 
sizes requiring more labor per 100 ft. 

The approximate labor-hours required per outlet are given in 
Table 14-8. 
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Table 14-8. — ^Apphoxtuate L-abop.-houes foe Ixstaluxg ax Oxttlst ix 
Rough Electbical Wohs: 

Labor-hours per 


Kind of Work Installed Outlet 

Knob and tube triring. Xos. 14, 12, and 10 gage trire 0 . 7-2 . 0 
Armored cable and fittings, Xos. 14, 12, and 10 gage 

vrire 0. 8-2.0 

Flexible conduit, and trire, y4 and 51 in 0. 8-2.0 

Light-tveight conduit, fittings, and trire, yi and 51 iu. 1 .0-2.0 

1 and 151 hi 1.1— 2.2 

Heavy-weight rigid conduit, fittings, and wire, 51 

and 51 hi 1.2-2. 3 

1 and 151 hi 1,2-2. 5 

151 and 2 in 1.3-2. 7 

25 ^ and 3 in 1. 3-3.0 


Tabih 14:-9. — ^Apphoxhtate Laboe-houes foe Ixstat.t.txg CoxDtrrr, Cable, 

Axn Wise 


Conduit and trire 

i 

Labor- 
hours 
per 
100 ft. 

'< 

J 

Conduit and wire 

1 Labor- 
1 hours 
! per 
100 ft. 

Installing heavy rigid con- 


Pulling and installing trire 


duit, and fittings, includ- 


in conduit: 


ing outlet boxes: 


Xos, 18 and 16 gage 

0.8-1. 5 


■oSk 

1-t and 12 gage 

1.0-l.S 


14- 22 

10 and 8 gage 

1.5-2. 5 

1 tiC irt 

18- 27 

6 gage 

2. 2-3.0 

2 in 

24- 35 

-1 t7p(TP 

2. 8-4. 5 

OXX in 

30- 44 

3 gage 

3 . 5-5 . 5 


38- 56 

0 , iT^cro 

4. 5-6. 5 



1 gage 

5. 5-7. 5 



5 in 


Tube and knob work, in- 


6 in 


stalling wire and tubes 


Instaliing light-weight con- 


and knobs: 


duit and fittings, includ- 


Xo. 14, 12, and 10 gage 


ing outlet boxes: 


wire 

4-12 

5^ and 51 in 

7- 12 

Installing amored cable and 


1 and 151 in 

9- 16 

fitting: 


Installing flexible conduit 


Xo. 14, 12, and 10 gage 


and fittings: 


wire 

6-14 

51 and 51 in 





Conduit finings do not include main switch and fuse boxes, cabinets, etc. 
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Note that any one of the larger sizes of rigid conduit will 
usually carry wires for more than one outlet. Consequently, 
the labor-hours per outlet Avill not vary appreciably wuth the 
size of rigid conduit. 

The approximate labor-hours for installing various items of 
rough electrical work are given in Table 14-9. The labor values 
given for installing conduit includes all labor for fittings such as 
threading pipe, making joints, and installing outlet boxes for 
wall and ceiling fixtures, svdtches, and for floor and base plugs, 
but not for pulling wire. The labor values given for wire puUing 
include the labor required for pulling the wire through the con- 
duit and for soldering and taping ends in outlet boxes. 

TjVblb 14-10. — Approximate L^vbor-hours for Installing Various Items 
IN Rough Electrical Work 

Labor-hours 


Item Installed each 

Meter 0.5 -1.0 

Main, switch and box (up to 60 amp.) 0 . 8 -2 . 0 

Fuse box (60 amp. or less) 0.5 -1.2 

Combined switch and fuse bo.v (60 amp. or less) ... 1 . 0 -2 . 5 

Cabinet (60 amp. or less) 1 . 0 -3 . 0 

Making conductor connections, as in a cabinet. ... 0.2 -0.4 

Outlet boxes, for ceiling and wall fixtures 0.2 -0.4 

for service switches, floor and base plugs 0 . 15-0 . 3 


Small service switches, floor and base plugs, and their covers and plates 
are usually installed with the finish work. 

The wages of electricians vary considerably at different times 
and in different parts of the United States. They may range 
from $1.25 to $2 per hour vdth an average (1946) of about $1.25 
to $1.75 per hour. Wages of helpers vfiU be about half those of 
electricians, and will range from about $0.65 to $1.50 per hour. 

Diagrams 14-1, 14-2, and 14-3 (pages 633, 634, and 635) may 
be used for estimating labor costs of rough electrical work and 
wiring per outlet (Table 14-8), per item (Table 14-10), per 100 ft. 
of conduit (Table 14-9), per 100 ft. of wire (Table 14-9), and for 
various other items when the hourly wage is kno'wn and the 
hourly labor output may be reasonably assumed. 

9. Equipment. — ^The equipment required for rough electrical 
work will vary with the type of work. Heavy rigid conduit 
work will require pipe cutters, hack saws, threading tools, 
reamers, and other small tools needed for conduit work. Light 
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rigid conduit work, which can be bent and which does not require 
threading, not require threading tools. Other small tools 
needed will include hand and electric drills, saws, hammers, 
chisels, gasoline torches, soldering outfits, fishing wire, pliers, 
and hand lines. !Many firms also include tape and solder with 
the equipment. Ladders, stepladders, sawhorses and planks may 
be needed for scaffolding. 

The cost of equipment for a team of two men will vary with 
the size of the job and the amount of work required. About So 
to $20 per team per job should be sufficient, including trans- 
portation. 

10. Overhead and Profit. — ^The general overhead for rough 
electrical work ma\- range from about 10 to 20 per cent of the sum 
of materials, labor, and equipment costs. When based on labor 
costs alone, the percentage maj* range from about 15 to 30 per 
cent. Workmen’s compensation insurance, social-security tax, 
etc., costs are in addition to the percentages given. Compensa- 
tion insurance may vaiy* from about 2 to 6 per cent of the total 
pay roll. 

Total overhead e.xpense3 may be e.\*pected to range from about 
20 to 35 per cent when based on labor costs alone, and from about 
15 to 25 per cent when based on the sum of materials, labor, and 
equipment. 

The profit charged on rough electrical work may range from 
about 6 to 15 per cent of the sum of all other costs. However, if 
the contractor has estimated the costs of the materials at retail 
prices including their overhead and profit, profit on these items 
should not be included again. 

11. Summary. — The estimate for wiring or for rough electrical 
work may be summarized to show total costs of materials, labor, 
equipment, overhead, and profit and also to show umt costs per 
outlet. Sometimes the estimator computes the cost per 100 ft. 
of conduit or per 100 ft. of circuit as umts. The s umma ry may 
be as follows; 


Materials. . 

Labor 

Equipment 
Overbead. . 
Profit 


Item 


Cost per Outlet Total Cost 
S -3 
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12. lUustrative Estimate. — Prepare an approjdroate estimate for tlie 
rough wiriog for a new residence, and compute the estimated cost per outlet. 
The local electric company supplies the leads from the tramsformer to the 
house and supplies and inctalls the meter. There are to he 26 ceiling out- 
lets, 14 wall outleto, 24 nervdce switches, and 30 base plugs, ^ving a total of 
94 outlets. 

The materials take-off gawe the following information: 


1 main switch and cutout box = S 4.00 

3 small fuse boxes, at SI = 3.00 

32 outlet boxes with covers, at -SO, 1-5 = 4.80 

94 switch, baoe plug, and receptacle boxes at SO.IO = 9.40 

00 ft., M-hi- thin-waU conduit (light weight) at .59 per 100 ft, = -5.40 

fittings for ^-in, hght-weight conduit, estimated = 2.00 

720 ft., l-^-in. light-weight conduit at S7 per 100 ft. = 50.40 

fittingo for J-^-in. hght-weight condmt, e-stimated = 15.00 

GO ft., l-^-in. flexible conduit at -$8 per 100 ft, = 4.80 

flttingofor flexible conduit, estimated = 1-20 

65 ft., Ko, 8 rubber-covered vrire at .$2.20 per 100 ft. = 1,45 

65 ft., iNo. 10 rubber-covered w'ire at -$1.30 per 100 ft. = 0.85 

1,700 ft., iNo. 12 rubber-covered wire at -$1,00 per 100 ft. = 17.00 

kliscellaneous materials, estimate for job == 0-^Q 


Total materials 

The labor-houTo required will be about as follows: 

Installing main switch and cutout box == 

ImtaUing 3 small fuse boxes = 

Installing GO ft, of M-in, hght-iveight condioit and fittings = 
Installing 720 ft. of H-in. hght-weight conduit and fittings = 
Installing GO ft. of Yi in, flexible conduit = 

Puhing 65 ft. of No. 8 wire = 

Pulling G5 ft. No. 10 wire = 

Pulling 1,700 ft, of No, 12 -wire = 


$126.00 

1.3 hr. 

3.0 hr, 

9.0 hr. 
80.0 hr. 

3.0 hr. 

1.0 hr. 
1.0 hr. 

24.5 hr. 


Total labor-hours =122, 8 hr. 

Labor costs with electricians at -$1.65 per hour = -$203.00 

Equipment cost for job, estimated = 12.00 

Overhead cost at 27 per cent of labor cost = 55.00 

Profit at 10 per cent of ah other costs = 40.00 

Total estimated cost of rough electrical work = -$436-00 


This estimate may be summarized and unit costs computed on a basis of 
91 outlets as fohows: 



Cost 

Item 

per Outlet 

hlaterials 

. .. .$1.34 

Labor 

2 16 

Equipment 

0.13 

Overhead 

0.59 

Profit 

0.43 

Total 

-$4.65 


Total 

Cost 

$126 

203 

12 

55 

40 

.$436 
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C. FINISH ELECTRICAL WORE; 

13. Materials and Materials Take-off. — The materials usually 
included in finish electrical work are ceiling fixtures, wall brackets 
and fixtures, service switches and plates, floor- and base-plug 
receptacles and plates. Ceiling and wall fixtures and brackets 
are usually selected by the owner. The price of a fixture may 
vary from about $1 to several hundred dollars. The cost of wall 
brackets may vary from SI up to S20 or S25. 

Service switches, service receptacles, and plates are compara- 
tively inexpensive. Service receptacles and switches (two way) 
without cover plates may cost about SO.IO to SO.oO each for 
ordinary types. Three-way and four-way service switches with- 
out cover plates may cost $0.20 to $1.00 each. Convenience 
outlets, single and duplex, may cost about $0.10 to $0.35 each 
without cover plates. Cover plates may cost about $0.10 and up 
depending on material, style, finish, etc. 

There are a great varietj* of rosettes, receptacles, sockets, 
covers, etc., on the market. Prices range from about $0.10 
and up for each. 

Lamp sockets of various types will cost about $0.15 up to 
about $0.80 for ordinarj' types. 

Drop cord, lamp cord, fixture cord, etc., come in various styles, 
coverings, and covers. Prices range from about $1.50 to $4 per 
100 ft. Most cord contains two stranded copper wires of Xo. IS 
gage, though cord containing larger wire (Xo. 16 or 14 gage) is 
available at slightly higher prices. 

Fixture wire, insulated, Xo. 18 gage, costs about $1.50 per 100 
ft. The Xo. 16 gage costs a fittle more. 

Please note that prices given for materials are appro.ximate 
prices for 1946. Prices used in actual estimates should be 
obtained from dealers’ catalogues. 

The materials take-off for finish electrical work should list each 
item of ceiling fixtures, wall fixtures and brackets, service 
switches with plates, plugs and other receptacles with plates, 
rosettes, covers, drop cord, sockets, etc. Finish, stjie, catalogue 
numbers, and other details should be noted that will aid in 
pricing the various items. 

14. Labor. — ^The labor required for installing fixtures will vary 
somewhat depending on the size of the fixture, working conditions, 
and skill of the electrician. Most fixtures come ready wired so 
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that the installing consists of installing the fixture in place and 
connecting the fixture wires to the circuit wires. Sometimes the 
fixture must be wed, and labor and materials furnished for 
this work. 

Table 14-11 gives approximate labor-hours required for install- 
ing various types of fixtures, switches, plugs, and service recep- 
tables ready for operation. 


Table 14 - 11 . — ^Appboximate Laboh-houhs Bbqxjieed bob Installing 

Electbic Festukes 


Item 

Labor- 

hours 

each 

Item 

Labor- 

hours 

each 

Wall light or bracket (one 
or two lights) 

0 . 20 - 0.40 

Rosette with drop cord 
and socket 

0 . 15 - 0.40 

Ceiling fixture (one or two 

Two-way service switch 

0 . 10 - 0.25 

lights) 

0 . 25 - 0.50 

Three-w'ay service switch. 

0 . 20 - 0.50 

Ceiling fixture (three, four, 


Four-way service switch. . 

0 . 25 - 0.75 

or five lights) 

0 . 30 - 0,75 

Base- or floor-plug outlet 


Wiring fixtures in addition 


(cover plates included) . . 

0 . 10 - 0.25 

(per light or per socket) 

0 . 10 - 0.25 




Labor wmges for electricians vary from about $1.25 to $2 per 
hour with averages of $1,25 to $1,75 per hour in the IJnited States 
for the year 1946, Helper’s hourly wages are about half those 
of the electricians. 

Diagrams 14-4 (page 636) may be used for estimating the labor 
costs of finish electrical work Avhen the labor wage per hour is 
kno'wn and the labor output may be reasonably assumed. 

15. Equipment. — ^The equipment required for installing fix- 
tmes vill include the electrician’s ordinary hand tools with tape 
and small soldering outfit. Stepladders may be needed for 
installing ceiling and high wall fixtures. The cost of equipment 
for an ordinary installation job may range from $3 or $4 up to 
about $15 or so for each pair of electricians depending upon the 
work and magnitude of the job. 

16. Overhead and Profit. — Overhead costs for finish electrical 
work are usually based on labor costs. The percentage may 
range from 15 to 25 for ordinary overhead plus percentages for 
workmen’s compensation insurance, social security, etc. Total 
overhead may range from 20 to 35 per cent of all labor costs. 
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Prices of materials for finish electrical work are usually retail 
prices and include aU shop overhead and profit. If the prices do 
not include shop overhead and profit, these cost items must not 
be omitted. Shop overhead on fixtures, etc., may vary from 
10 to 20 per cent of the cost. 

The profit on finish electrical work may range from about 
8 to 20 per cent of the costs of labor, equipment, and labor 
overhead. Shop profit on fixtures, etc., may range from 10 to 
50 per cent. This profit is usually included in the retail price. 

17. Summary. — ^The estimates for finish electrical work may 
be tabulated to show total costs and costs per outlet. The 
material costs per outlet may not have much significance because 
of the variation in the prices of the fixtures. The prices of the 
service switches and service outlets do not vary so much. Labor, 
equipment, and overhead costs per outlet are worth computing. 

The estimate may be tabulated as follows. If desired, the 
materials costs may be divided by separating the fixture costs 
from the other material costs. 

Item Cost per Outlet Total Cost 

Materials S $ 

Labor 

Equipment 

Overhead 

Profit 

Total $ -5 

18. Hlustrative Estimate. — Prepare an approximate estimate for furnish- 
ing and installing all fixtures, service switches, service outlets, etc., for the 
new reridence for which the wiring or rough electrical work was es tima ted 
in Art. 12 of this chanter. It is assumed that the owner has selected the fix- 
tures listed from the dealer’s shop and that the price of the fixture includes 
aU shop overhead and profit. 

Materials take-ofi and cost: 

Basement: 

3 switches with plates at S 0.35 = S 1.05 


5 drop fights with rosette, cord 
and sockets at S 1.00 = 5.00 

First floor: 

3 five-light ceiling fixtures at §11.00 = 33.00 

1 three-light ceiling fixture at § 6.25 = 6.25 

4 one-light ceiling fixtures at S 2.50 = 10.00 

5 small one-light ceiling fixtures at S 1.60 = S.OO 

14 wall brackets at S 2.00 = 23.00 
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11 switches with plates at S 0.40 = 4.40 

1 three-way sw’itch with plate at S 0 . CO = 0.60 

20 base plugs with plates at S 0.40 = 8.00 

Second floor: 

7 one-light ceiling fixtures at $ 2.25 = 15.75 

5 switches with plates at $ 0 . 40 = 2.00 

1 three-way switch with plate at S 0 . 60 = 0.60 

10 base plugs with plates at $0.40= 4.00 

Attic: 

1 switch at $ 0 . 35 = 0.35 

1 rosette with socket at $ 1.00 = 1.00 

Total cost of all fixtures = $128.00 

Labor cost of installations. For purposes of installation the various 
fixtures may be grouped as follows: 

4 five- and three-light ceiling fixtures at 0.5 hr. = 2.0 hr. 

16 one-light ceifing fixtures at 0.35 hr. =5.6 hr. 

6 rosette, drop cord, and socket ceiling fixtures at 0.25 hr. = 1.5 hr. 

14 wall brackets at 0 . 25 hr. = 3 . 5 hr. 

■ 2 three-way switches at 0 . 35 hr. = 0 . 7 hr. 

22 switches at 0. 15 hr. = 3.3 hr. 

30 base plugs at 0.15 hr. = 4 . 5 hr. 

94 total, for a check Total = 21.1 hr. 

Labor costs, say 21 hr. at $1.65 per hour = S 35.00 

Equipment, say $5 =5.00 

Overhead, at 27 per cent of labor costs = 9.00 

Profit, at 10 per cent of all other costs except materials = 5.00 

(Shop overhead and profit is included in prices of fixtures.) 

Total estimated cost = $182.00 

This estimate may be summarized and unit costs computed on a basis of 
94 outlets as follows: 

Cost Total 
Item per Outlet Cost 

Materials $1.37 $128 

Labor 0.37 35 

Equipment 0.05 5 

Overhead 0.10 9 

Profit 0.05 5 

Total $1.94 $182 


C. TOTAL OR COMBINED ELECTRICAL ESTIMATES 

19. Combined Electrical Estimates. — On some jobs, the elec- 
trical contractor estimates both the rough and finish work and 
submits a bid for the entire job. When preparing an estimate 
for the complete job, the estimator usually estimates the rough 
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and finisii vrork separately and then adds the t-?vo estimates to 
find the costs of the complete or combined work, 

20. Ulustraiive Estimate. — For an example of an estimate for a combined 
or complete electrical job, the foUoTring tabulation bas been prepared, using 
the estimated costs found in the preceding estimates for rough and finish 
work. Xote that the shop overhead and proSts on fixtures are included 
in the material costs. 


Item 

' Wiring or I 
■ rough work \ 

: Fixtures or i 
: finish work | 

Total 

[ 

hlaterials 

. .$126.00 

$123.00 

! $2.54.00 

Labor 

203.00 

35.00 

233.00 

Eauinment 

12.00 

5.00 

17.00 

Overhead 

5-3.00 

9.00 

64.00 

Profit 

40.00 

5.00 

! 45.00 

Total 

...I $436.00 

1 S1S2.00 

i $618.00 

Cost per outlet (04 outlets) 

$ 4.65 i 

• j 

.$ 1.94 

S 6.59 


Xote that if the costs of the lighting fixtures ffor ceiling and wall lightsj 
are deducted, the cost per outlet will be approshnatelv' $5.50. 




CHAPTER XV 


PAINTING, PAPERING, AND GLAZING 
A. PAINTING 

1. Painting. — The cost of painting will depend in general upon 
the kind of surface (wood, steel, plaster) to be painted, the form 
of surface (flat, grooved, paneled, etc.), the kind of paint used, 
the number of coats, the particular coat (priming, second, finish, 
etc.), and the skill and inclination of the workmen. 

Painting is usually estimated by units of area of 1 sq. ft., 1 sq. 
yd., or 1 square (100 sq. ft.). The imit of one square seems to 
be the most practical and popular. 

Surfaces that may have varying unit costs should be taken 
off separately. When listing doors and windows, no deductions 
should be made for the glass, as the extra labor cost of painting 
the narrow strips is often more than the saving in paint. It is 
customary to consider each linear foot of wood trim as 1 sq. ft., 
because there is but httle difference in the time required to 
paint trim 1 ft. wide or less. 

The kind of surface (wood, metal, plaster, etc.) should always 
be noted. The nature of the surface is important because the 
spreading capacity of any paint, varnish, or enamel varies, and 
the amount of labor required also varies, for different kinds of 
surfaces. 

The amount of paint used on any given surface will also depend 
on how thoroughly the paint is brushed in. Consequently, 
there ^vill be a variation in the amoimt of paint that will be used 
by different painters to cover a given surface. 

The following procedure for the take-off is recommended- 
The number of coats and the kinds of coats (priming, second, 
finish, size, filler, etc.) should be noted. Many estimators prefer 
to di'V’ide the painting into exterior and interior work. 

Exterior work. 

Walls and siding, area in square feet. 

Trim, length in lineal feet, with width noted. 

408 
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Doors by total areas in square feet, 

Windows by number and kind and total areas in square feet. 
Blinds by number and areas in square feet. 

Cornice, length in lineal feet, with girth noted. 

Bdusters and posts, by number of pieces, or length in lineal 
feet. 

Shingles by square feet of shingled area when paint is applied 
by a brush, or by number of shingles when dipped. 

Steel or iron roofing, by area in square feet. 

Interior work. 

Wall and ceiling surfaces in square feet, noting kind of surface 
and treatment required. 

Moor surface in square feet with treatment noted. 

Interior trim by length in linear feet with width noted. 

Stair rails (posts, rails, balusters) by number of pieces or 
length in linear feet. 

Doors by number, kind, and total areas in square feet. 
Windows by number, kind, and total areas in square feet. 
Piping by length in lineal feet. 

Radiators by square feet of radiation. 

Structural-steel work. 

By tonnage or area, noting kinds and approximate sizes of* 
members, such as columns, beams, girders, and purlins and 
of small, medium, and large sizes. 

When estimating the number of square feet of surface area 
per ton of structural steel, the following approximations may 
be used: 

Sq. Ft. per Ton 


Small members, beams, column purlins, etc 350—450 

iledium members 250-350 

Large members 175-250 

Small trusses and built-up frames 350—450 


2. Materials. — ^The paint specified may be a brand of ready- 
mixed paint, or the contractor may be required to mix the paint 
at his shop, using different materials in certain proportions. In 
many instances, the ready-mixed paints need to be thinned on 
the job. Hence, the materials required may include ready- 
mixed paint, linseed oil, turpentine, varnish, shellac, putty, oil, 
and drier. 
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Ext'erior paint 

Boiled linseed oil 

Turpentine 

Drier (Japan) 

Puttj' 

Enamel 

Vamisii 

Shellac 

Gloss and 3at paint, interior 

Wood paste filler 

Wall primer 

Calcimine 

Calcimine, trashable 

Calcimine, regular 

Pat ell plaster 

Calcimine (Kalsomine) size. . 

Dj’e stain 

Oil Slain 

Zinc sulphate 

Cold-Trater paint 

Aluminum paint 

Graphite paint 

Ferric oxide paint 

Pk.ed lead, dr%’ 

White lead, in oil 


?2 . 00-$4 , 00 per gallon 
0.00- 1.50 per gallon 
0,45- 1 . 00 per gallon 
0 . 35- 0 . SO per quart 
0.05- 0.10 per pound 

2.00- 5.00 per gallon 

2.75- 5.00 per gallon 

1 . 25- 3 , 00 per gallon 

2.00- 4.00 per gallon 
0.12- 0.25 per pound 

1.75- 3.00 per zaEon 
0.40- 1.00 per gahon 
0.05- 0.15 per pound 
0. OG- 0. 10 per pound 
0.05- 0.10 per pound 
0.20- 0.35 per pound 
2.00- 3.50 per gallon 

1.50- 3.25 per gaEon 
0.20- 0.35 per pound 
0.07- 0.15 per pound 

2.25- 4.00 per gaEon 
1.30- 3.00 per gallon 

1.50- 3.00 per gaEon 
0.10- 0.15 per pound 
0. 14- 0.20 per pound 


For calcinnne, 5 lb. of material and 2 quarts of tvater tvill make 
1 gal. One pound of calcimine size trill make ^2 io gaL 
Paste trood filler if bought in pounds requires about 5 lb. per 
250 or 300 sq. ft. Three pounds of zinc sulphate are mixed trith 
1 gab of trater. Five pounds of cold-trater paint are used per 
gallon of water. 

3. Labor. — The labor-hours required to appty a coat of paint 
to 100 sq. ft. of surface will depend upon the surface, the paint, 
the weather, the location of the surface (floor wall, high ceiling, 
etc.), and the skill and inclination of the workman. 

Exterior painting should not be done in damp or wet weather. 
Interior painting may be done in damp or wet weather when 
required, provided that the surfaces may be kept clean and dry. 
Painting should not be done in very cold and freezing weather. 
However, interior painting may be done in cold weather if 
artificial heat is provided. The surface painted per hour per 
man may vary from 20 to 200 sq. ft. (0.50 to 5.00 hr. per 100 sq. 
ft.). Consequently, in order to arrive at a fair labor estimate, 
the estimator must know workmen and must analyze care- 



PAINTIXG, PAPERIXG, AXD GLAZIXG 413 

Tabls 15-3. C.v?.4.citt o? P-uxttxg M.vmHiALs 

GailoiLS nor ICH) ^q. ft. for one coat 


Wood 


Painting material * 


anv coat 


Fiibt 

coat 


Other 

coat 


' Plaster, brick 
I cement, and stucco 
. 

First Other 

coat coat 


WTiite Iea,d and oil. . . 0 20-0 25 0 
Zinc '.vhite and oil 0.17-0 213 0 
Good read\‘-mued i 

paint (exterior;. .. 0. 17-0.20 0 

Enamel 0.17-0 20 0 

Floor enamel 0 , 

Interior flat paint 0, 

Interior glocs paint 0. 

Varnish 0. 17-0.20 0. 

Shellac 0. 

Stain 0. 

Wood paste nlier 0. 

Wall primer . 

Glue size 0. 

Varnish size 0. 

Zinc sulphate . 

Calcimine (Kalso- I 

mine} 

Cold-urater paint 0. 


25-0.35 0.20-0.25 0. 
20-0.25 0.17-0.20 0. 


20 - 0 , 

20-0 

17-0, 

20 - 0 , 

30-0. 

20 - 0 . 

14-0. 

20 - 0 . 

30-0. 


25 0.17-0.20 0. 
25 0.17-0-.20 0. 
25,0. 14-0. 20'0. 
25 0.17-0.20 0. 
400.22-0.35 0. 
25 0.17-0.20 0. 


17 

35' 

40 


0 . 


35-0.50 0. 
30-0.40,0. 

I 

25-0.35 0. 
22-0.30 0. 
13-0.250. 
22-0.35 0. 
35-0.50 0. 
22-0.30 0. 
17-0.25 


20-0.35 

17-0.25 

17-0.25 

17—0.25 

14- 0.20 

15- 0.25 
25-0.35 
17-0.25 


20 - 0 . 

20 - 0 . 


35 

35' 


20-0.35 
20-0.35; 
20-0.35' 
25-0. 5o' 


i 0.25-0.50 

30-0. 50‘ ' 0 . 35 - 0 . 50 ! 


fully all details of the job. Labor wages for painters maj- vaiy' 
from .$1 to S2 per hour, depending upon time, locality and 
men available. From S1.20 to $1.50 is an average variation. 

Table 15-4 gives the appro.vimate labor required for painting 
various surfaces. The values given are for good workmen 
working under good conditions and on work that is not difficult. 

The labor required for painting structural steel, one coat, is 
appro.vimately as follows: 


Hea^*y--5veight members 

iledium-weight members 

light-tveight members 

Small trusses and built-up frames 


Hours per Ton 
.. 0.5-0. 9 
.. 0.7-1 .4 
.. 1 . 0 - 2.0 
.. 1 . 0 - 2.0 


Diagram 15-2 (page 63S) may be used for finding labor costs per 
100 sq. ft. of surface (or 100 lin. ft.) for painting with one coat 
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Table 15-4. — Apphoxhiatb Labor Required for Painting Different 

Surfaces 


Kind of work 

Square 
feet per 
hour for 
one coat 

Hours per 
100 sq. ft. 
for one coat 

Exterior work; 

Walls, siding and shingles 

150-200 

0.50-0.70 

Doors, windows, blinds 

120-180 

0.55-0.85 

Steel or iron roofing 

160-220 

0.45-0.65 

Trim, cornice, water table, balusters, posts, rads, 
etc. (in lineal feet) 

100-180 

0.85-1.00 

Stucco 

120-150 

0.65-0.85 

Interior work: 

Trim, filling and putt 3 dng (all trim in lineal feet) . 
Staining 

60- 90 
140-200 

1.10-1.65 

0.50-0.70 

Shellacing 

120-180 

0.55-0.85 

Sand papering 

60- 90 

1.10-1.65 

Rubbing. 

60- 90 

1.10-1.65 

Varnishing 

120-180 

0 . 55-0 . 85 

Flat painting 

120-180 

0.55-0.85 

Enameling 

100-150 

0.65-1.00 

Floors, filling and puttying 

120-180 

0.55-0.85 

Staining 

150-200 

0.50-0.65 

Shellacing 

150-200 

0.50-0.65 

Varnishing 

140-200 

0.50-0.70 

Waxing ' 

150-200 

0.50-0.65 

Polishing 

100-150 

0.65-1.00 

Sanding (hand) 

40- SO 

1.25-2.50 

Sanding (machine) 

100-200 

0.50-1.00 

Plaster walls and ceilings, sizing 

200-250 

0.40-0.50 

Calcimining 

200-250 

0.40-0.50 

Painting 

120-160 

0.60-0.85 

Stenciling (in lineal feet) 

15- 30 

3.35—6.65 

Brick and concrete work, oiling, sizing, sulphat- 
ing, etc 

120-180 

0.55-0.85 

Painting 

120-150 

0.65-0.85 

Structural-steel work 

150-200 

0.50-0.65 


. 


■R-hen, the labor wage is known and the labor output may be 
reasonably assumed. 

Diagram 15-3 (page 639) may be used for finding labor costs of 
painting structural steel. 

4. Equipment. — ^The equipment used on a painting job will 
include brushes and hand tools, ladders, planks, and lighr, 
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movable seafiolding. Wlien a built-up scaffold is reqtured, this 
should be estimated separately in regard to materials and car- 
penters’ time. The cost of sanding, rubbing, and cleaning 
materials is usually included \rith the equipment costs. If an 
electric sander or polL-her is used, the cost of these machines 
(rental, depreciation, maintenance, power, transportation, etc.) 
should be included. 

The cost of ladders, light scaffolding, brushes, and small tools 
(including transportation) may varj- from about SIO to .$30 for a 
comparatively small job or per gang of three to five painters. 
When .special scaffolding i.-!> xeqmred, this cost will be increased 
considerably. In some cases, the cost of a built-up scaffold may 
be equal to the cost of apphnng one coat of paint. 

5. Overhead and Profit. — Overhead charges for painting are 
usuall}’ based on labor costs, but may be based on the sum of 
labor and material costs. When based on labor costs alone, 
the percentage for overhead may vary from about 25 to 45 per 
cent for ordinaiy* interior and e.xterior work on biuldings. The 
percentage maj' vaiy' from 15 to 25 per cent when based on the 
sum of material and labor costs. For painting structural steel 
after erection, the overhead may vary from 50 to 80 per cent of 
the labor costs or from 30 to 50 per cent of the costs of labor and 
material. 

Profit may range from about 8 to 15 per cent of all other costs 
for ordinary painting jobs, and from 10 per cent and up for 
structural-steel jobs. 

6. Painting Estimates. — ^The estimate for a complete painting 
job should include the following: 

Materials. Paint, putty, oil, turpentine, size, varnish, shellac, 
etc. 

Labor. AH painters. Also foremen, helpers, apprentices, if 
any. 

Equipment. All equipment costs. 

■ Overhead. Based on labor costs or on sum of material and 
labor costs. 

Profit. 

The summary or tabulation should show unit costs per 100 sq. 
ft. (or per 100 lin. ft. for trim) as well as total costs. 

7. Illustrative Estimate. — ^Prepare a complete estimate for the interior 
paint job for a ne^v six-room bouse. A study of the plans and specifications 
shows the following: 
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Pirst Ploor 
2 outeido doors 
4 insido, doors 
4 douldo ^^il■ldows 
4 single wndon's (2 in kitclion) 
440-1 1. trim (42-1 1.. kitchen) 

700 sq, ft. dooring 
1 stnirs 
1 mantel 

1 hroom closet 

2 kitchen enphoards 


Second Floor 
S inside doors 
S single Arirndows 
600-1 1. trim 
700 sq, it^ tlooring 
1 skrirs 

1 medicine cahinet 
1 linen closet 
1 towel closet 


All doors to he sanded, filled, and given 3 coats varnish 

First-floor doors and windows and trim, stain, sandpapered, and 2 coats 

varnish; except kitchen which is to have prime coat, 2 fat coats, and 2 

enamel. 

First-door stairs s;tme .as door .and trim. 

Frst-door w.alls and ceiling, 1 coat siring .and 2 coats dat oil p.amt. 

Kitchen equipment and mantel .are dnlshe.i at mill. 

Second-door doers .and windows and trim, 1 coat primer, 2 coats fat and 
2 coats enamel. 

Second-door stairs, stained and varnished ,as doors. 

Second-door walls and ceilings left .as they are.. 

Medicine cabinet, towel closet., .and linen closet dnished .at mill. 

Prices o! materials are .as follows: 


Foot paste 

Foot varnish 

Stain, oil 

Trim varnish 

TT.all siri.ng (ttrime) 

Wall p.aint 

Trim, dat p.ainT, 

Trim, en.amel 

AIateri,als for s.anding 


SQ.16 pesr ponnd 
S3.20 per g.allon 
S2.10 per g.allon 
S3.20 per gallon 
per ^.ailon 
S1.65 per £;,ailon. 
Sl.So per giillon 
$2. SO per ^.allon 
§2.20 70x^01) 


Foot sandor, rental cIh.aTge.,*Sl,50 per d.a3^ pins S2 transponataon, 
W.ages of painters, §1,10 per honr, 

Allow.ance for other eqnipmont tor Joh, §1S. 

Overhead, 31 per cent of labor costs. 

Profit., 10 per cent of all other costs. 

Solw^-OK Afaterlals. 

Perh.aps the simplest w,ay is to conrider the diiierent items. 

Foots, 1,400 sq, ft. 

Paste, 1 coiit, at 0,35 g.al, per 100 sq, ft, = 4,00 gal. 

Tarnish, 3 eoars ax 0.20 g.al. per 100 = 3 X 14 X 0.20 = S.40 g.al. 
Sprits (72 -r 60 = 132 sq. ft,') 

P.astc, 1 eo.at at 0.35 g.al. = 0.47 gal 
Tarnish, 3 eo.ats at 0.20 g.al. — O.S0 g,al. 
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Stair rails and balusters (50 iin. f:.) 

Stain 1 coat at 0.25 gal per iOO Iin. ft. = 0.13 gaL 
\ amish 2 coats at 0.20 gaL per ICO Iin. ft. = 0.20 gaL 
First-Soor trim i.less kitchen) (39S lin. ft.) 

Stain, 1 coat at 0.25 gaL = 1.00 gal. 

Varnish, 2 coats at 0.20 gaL = 1.60 gal. 

Firet-2oor doors, nmsh, 2 on one side, 3 on ttvo sides (sav 250 so. ft.) 
Stain, 1 coat at 0.25 gaL = 0.63 gaL 
Varnish, 2 coats at 0.20 gal. = 1.00 gaL 
First-3oor tvindotvs, 4 double on one side, 2 single on one side (230 sq. ft.) 
Stain, 1 coat at 0.25 gal. = 0.5S gaL 
Varnish, 2 coats at 0.20 gaL = 0.92 gaL 
First-Soor kitchen doors, 2 on one side (65 sq. ft.) 

Flat paint, 3 coats at 0.20 gal. = 0.40 gaL 
Enamel paint, 2 coats at 0.25 gaL = 0.35 gal. 

First-Soor kitchen window's, 2 single on one side (50 so. ft.) 

Flat paint, 3 coats at 0.20 gal. = 0.30 gaL 
Enamel paint, 2 coats at 0.25 gaL == 0.25 gaL 
First-Soor kitchen trim, 42 iin. ft. 

Flat paint, 3 coats at 0.20 gaL = 0.25 gaL 
Enamel paint, 2 coats at 0.25 gaL = 0.20 gaL 
First-Soor walls and c e ilings (1,6S0 -r 700 = 2,3S0 sq. ft.) 

Sizing (wall prime), 1 coat, at OJ25 gaL = 6.00 gaL 
Flat paint, 2 coats, at 0.30 gal. = 14.30 gal. 

Second-Soor trim, 600 lin. ft. 

Flat paint, 3 coats at 0.20 gaL = 3.60 gaL 
Enamel paint, 2 coats at 0.25 gaL = 3.00 gaL 
Second-Soor doors, S on two sides (250 sq. it.) 

Flat paint, 3 coats at 0420 gaL = 1.50 gaL 
Enamel paint, 2 coats at 0.25 gaL = 1.25 gaL 
Second-Soor windows, S single on one side (200 sq. ft.) 

Flat paint, 3 coats at 0.20 gaL = 1.20 gaL 
Enamel paint, 2 coats at 0.25 gaL = 1.00 gaL 

Materials summary; 

Floor paste, 5.37 gal., say 5.5 gal. at 5 lb. per gal. at 50.16 
Floor varnish. 9.20 gal., say 9.25 gal. at 53.20 
Trim, door, and window stain, 2.34 gal., say 2.50 gal. at 52.10 
Trim, door, and window varnish, 3.72 gal., saj* 3.75 gal. 
at -53.20 

Trim, door, and window Sat paint, 7.25 gal. at 51.S5 
Trim, door and window enamel, 6.05 gal., at 52.S0 
Wall size or prime, 6.00 gal. at 51-90 
Wall paint, 14.30 gal., say 14.5 gal. at $1.65 
Turpentine 2 gal., and oS 1 gal. for thinning, say 
Materials for sanding 
Putty, at 1 Ib. per 1,000 sq. ft., say 6 lb. 

Total 


= S 4.40 
= 29.60 

= 5.25 

= 12.00 
= 13.40 

= 16.95 

= 11.40 

= 23.90 

= 2.50 

= 2.20 
= 0.50 

= 5122.10 
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Labor, painters at SI. 10 per bour: 

Floors, 1,400 sq. ft., sand, fill, and vamisb 3 coats 

10.5 4- 10.5 + 3 X S.4 

Stairs, 132 sq. ft., sand, fill, and varnish 3 coats 

2.0 4- 1.0 4- 3.0 

Trim (including stair rad) 450 lin. ft., sand ttvice, 
putty, stain, varnish 2 coats 

11.70 4- 6.0 4- 6.30 

Doors and nindon-s, 4S0 sq. ft., and ttvice, putty, 
stain, varnish 2 coats 

12.5 4- 6.0 4- 7.2 

Trim, 642 ft., sand rviee, putty, primer, flat paint 
2 coats, enamel 2 coats 

17.0 4- 7.0 4- 9.0 4- 10.5 

Doors and trindotrs, 565 sq. ft., sand ttrice, putty, 
primer, flat paint 2 coats, enamel 2 coats 

14*5 4- 7.0 4- S.0 4- 9.0 


46.2 hr. = S 50, SO 


6.0 hr. = 

6-69 

24.0 hr. = 

26-40 

25.7 hr. = 

2S.30 

43-5 hr. = 

47- S5 

3S.5 hr. = 

42.35 


= 45-0 hr. = 49.50 

= 22S,9 lir. = $251. SO 

= $ 23.00 
= 7S.05 

= 47.50 


Walls, 2,3S0 sq. ft., sire, paint 2 coats 
1.5 4" 33.5 
Total labor 
Equipment: 

General, SIS plus sander S5 

Overhead, 31 per cent of S251.S0 = 

Profit, 10 per cent of S474.95 = 

Total estimate = S522.45 

If desired, this estimate may be checked by using Diagram 15-1 for 
materials and Diagram 15-2 for labor. 

Quantities are roughly as follows: 

Floors and stairs, 1,532 sq. ft., sand, fill, varnish 3 coats. 

Trim, stair rails, doors and windows, 930 sq. and lin. ft., sand twice, putty 
and stain, and varnish 2 coats. 

Trim, doors and windows, 1,207 sq. and lin. it., sand twice, putty and 
primer, 2 coats flat paint, 2 coats enamel. 

Walls and ceilings, 2,3S0 sq. ft,, size and paint 2 coats. 

Materials, using Diagram 15-1: 

Filler paste at 0.35 gal. per square and SO.SO per gal. 

Diagram gives S0.2S per square 15.32 squares 
Floor varnish at 0.20 gal, per square and $3.20 per gah 
Diagram gives $0.64 per square per coat, 

$0.64 X 3 X 15.32 squares 

Trim, stain, at 0.25 gah per square and $2.10 per gah 
Diagram gives $0,525, $0,525 X 9.30 squares 
Trim, varnish at 0.20 gah per 5C[uare and $3.20 per gah 
Diagram gives $0.64, $0.64 X 2 (coats) X 9.3 
Trim, prime and 2 coats flat at 0.20 gah and S1-S5 per gah 
Diagram gives $0.37, $0.37 X 3 (coats) X 12.07 
Trim, 2 coats enamel at 0.25 gah and S2.S0 per gah 
Diagram gives $0,70, $0.70 X 2 (coats) X 12.07 


= S 4-30 


= 29.40 


= 4-90 


= 11-90 


= 13.45 


= 16.90 
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Wall prime at 0.25 gal. per square and -S1.90 per gal. 

Diagram gives S0.475. -S0.475 X 23.S0 squares ° = .$ 11.30 

Wall flat paint at 0.30 gal. per square and -SI. 65 per gal. 

Diagram gives S0.495, -50.495 X 2 coats X 23.S0 = 23.60 

E.xtra turpentine and oil = 2.50 

Putty = 2.20 

Sanding materials = q . 50 

Total materials = .$120.95 


Diuerence in estimates caused by taking quantities of paint to nearest 
quarter gallon in first c-stimate. 

Labor, by using Diagram 15-2, vrage SI. 10 per hour: 

Floors and stairs, 15.32 squares 

Sand at O.SO hr. per square. Diagram gives .$0.88, 15.32 sq. = -S 13.50 
Fill at 0.75 hr. per square. Dbgram gives $0,825, 15.32 sq. = 12.65 

Varnish, 3 coats. Diagram gives at 0.625, $0.69 per coat, 

15.32 sq. = 31.70 


Total floors and stairs 

Trim, all stain and varnish, 9.30 squares equivalent 

Sand at 1.30 hr. per square. Diagram gives $1.45. 2 sand- 
ings 9.30 sq. 

Stain and putty at 1.30 hr. per square. Diagram gives 
$1.45. 9.30 s'q. 

Varnish at 0.75 hr. per square. Diagram gives -$0,825. 

2 coats. 9.30 sq. 

Total trim stain and varnish 
Trim, paint, and enamel, 12.07 squares equivalent 

Sand at 1.30 hr. per sq. Diagram gives $1.45. 2 sandings. 
12.07 sq. 

Prime and puttj' at 1.20 hr. per square. Diagram gives 
$1.32. 12.07 sq. 

Flat paint at 0.70 hr. per square. Diagram gives -$0.77. 
2 coats. 12.07 sq. 

Enamel at O.SO hr. per square. Diagram gives $0.88. 2 

coats. 12.07 sq. 

Total trim, paint, and enamel 
Walls, prime and paint, 23.80 squares 

Prime at 0.50 hr. per sqtiare. Diagram gives $0.55. 
23.80 sq. 

Paint at 0.70 hr. per square. Diagram gives $0.77. 2 
coats. 23.80 sq. 

Total for walls 


= $ 57.85 

= 27.00 

= 13.50 

= 15.35 

= $ 55.85 

= -$ 35.00 

= 15.90 

= 18.60 

= 21.25 

= S 90.75 

= $ 13.10 

= 36.70 

= $ 49.80 


Total labor 

Equipment, general $18, sander $5 
Ov'erhead, 31 per cent of $253.25 
Profit, 10 per cent of -$475.80 
Total estimate 


= .$254.25 
= 23.00 
= 78.60 
= 47.70 
= .$524.50 
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This painting estiniai-;- has bc-en 
most esiimators r.-ould comidcr i 
localities at diiterent times. Cove: 
considerably al^o. 


crhei out in more detail, perhaps, than 
'Cesc-arv'. Trtcc^ tvill vary* m LUtterent 
kge bv" natnt anci rates ct .tori* : -1 ^aty 


3. ?.4?E3IIfG 

8. Papering. — The cost of papering 7.-111 depend upon the cost 
of the tvallpaper and paste, the cos: of preparing the v.'alls and 
ceilings, the area to be covered, the tvork required for papering 
including the tvork around openings and matching, and the 
wages, skill, and inclination of the tvorkmen* 

On new work, the plastered walls must be given a coat of 
sizing before the wallpaper is applied* The cost of sizing may 
be found as directed in the articles on Painting. The -anit oi 
measurement for sizing is usuallt* the square of 100 sq. ft. 

The materials and labor for papering are usually esrimat.ed per 
roll of paper instead of per square yard or per square of lOO sq. 
ft. The width of a roll of paper is usually IS in., though some 
styles may* have larger lengths. The length of a single roll is 
24 ft., or S yd., and of a double roll 4S ft., or 16 t*d. Borders axe 
of vaT5-ing widths and come in roils. Borders may be estimated 
per linear yard or per rolL 

9. Materials. Sizing . — If the plaster walls and ceilings must, 
be given a coat of sizing, 1 gal. of glue sizing snitable for this 
purpose vrill cover -500 to 1,000 sq. ft, of snriace and cost about 
$0.25 to $0.50 per gallon* 

Wallpaper . — In the cheaper work where the strips may be 
pieced, the number of single rolls may be found by rirst obtaining 
the gross area of the walls and ceiling, deducting the area of tic 
openings, and dividing the net area by 36 (sq. ft. in a roll) to 
obtain the number of angle roUs. If the paper used on tUe 
ceiling is not the same as that on the walls, then walls and ceiling 
must be figured separately. 

'Witb the more expensive work where strips may not be lapped, 
the number of rolls required for the walls may be found by fixst 
finding the perimeter of the room in feet, and dividing this by 
1.5 to obtain the number of strips. The number of strips max 
can be cut from one roll is found by dividing the lengtii of the 
roll (single or double) by the length of a strip (height of room). 
The total number of strips divided by the number of strips that 
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can be cut from one xoli tviii give the number of rolls required for 
the tvalls. The rolls required tor the ceiling may be found in 
the same manner. Only half the area of openings of 20 so. ft. 
or larger should be deducted to allow for cutting and fitting 
around openings. 

For waste caused by matching, allow 

5 per cent, for paper nich no figured partem. 

10 per cent, for paper with a small figured pattern. 

15 per cent, for paper with a large figured pattern. 

Double rolls should be used as the waste caused by cutting 
and matching is less than with single roUs. 

The length of border is foimd by measuring the perimeter 
of the ceiling in yards. The border is usually estimated in 
yards, but may be estimated in roUs. 

Prices of wallpaper per double roll maj' vary from about §0.15 
to §5 or more. Average costs are usually less than §1 a double 
roil. Border costs range from about §0.05 per yard and up. 

Paste . — ^The amount of paste required will vary with the area 
and weight of the roUs. Paste may cost about §0.15 to §0.50 
per gallon. One gallon of paste will be sufficient for about 
3 double rolls of heaYy-^^ight paper, 4 double rolls of medium- 
weight paper, and 5 or 6 double rolls of light-weight paper. 

10. labor. — plastered walls and ceifings must be sized, the 
labor required for this purpose will vary from about 0.25 to 
0.50 hr. per 100 sq. ft. 

The time required to apply a roll of paper will depend upon 
the weight of the paper, length of roll, the pattern (matching 
required), the number of openings, and the sldU and ability of 
the paper hanger. 


TiSLH 15-5. — ^Apphovuiats Lisoa Reqvirsd fos Haxges'G Papbe 


! 

Vreight of paper j 

[Double rolls per boitri Hours per double rod 

: i 

j Walls i 

j Ceiling i 

1 Wads 

i ! 

j Ceiling 

liaat I 

Medium j 

Heaw j 


^9 


1 0.30-0.85 
[ 0.50-1.25 

1 0.65-2.00 

1 
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Table 15-5 gives the approximate amount of labor required 
for double rolls (48 ft. or 16 j'd. long). The labor required for 
applying border rolls will be the same as for other rolls of equal 
length. 

Diagram 15-4 (page 640) may be used for finding the labor cost 
per roll for paper hanging when the hourly wage is knotvn and 
the rate of work may be reasonably assumed. 

11. Equipment. — The equipment required for papering will 
include stepladders and planks for scaffolding, cutting planks, paste 
buckets, brushes, shears, and other hand tools. The equipment 
costs for a small job ma}^ range from $5 to $15, including trans- 
portation. On large jobs, the equipment costs may be about 
$10 to $20 for each gang of about three to six paper hangers. 

12. Overhead and Profit. — Overhead costs, based on labor, 
may range from 20 to 40 per cent, or from 15 to 25 per cent when 
based on the sum of material and labor costs. Profit may range 
from S to 15 per cent of the sum of all other costs. 

13. Papering Estimates. — Papering estimates should include 
the costs of all materials, labor, equipment, overhead, and profit 
charged to the particular job. Estimates may show the cost per 
roll as well as total costs. 

14 . Illustrative Estimate. — Prepare an estimate for papering the living 
room of a residence. 

She of room is 12 X 20 by S.5 ft. high. 

Openings are 

2 triple windours, 5 by S ft., each. 

2 single windows, 3 b 3 ’- 5 ft., each. 

1 double French door, 5 b 3 ’’ 7 ft. 

The room has an S-in. oak baseboard at the floor and a combined oak cove 
and picture molding 4.5 in. wide around the ceiling. 

The walls have not been painted or calcimined so that sizing will be needed. 
Wall paper selected has medium-sized pattern and costs S0.S5 per double 
rolL Ceiling paper costs 50.75 per double roll, and border costs $0.65 per 
roll of 16 3 ^d. 

Paper hanger’s wage is 51.10 per hour. 

Solution: Materials. 

Walls. Perimeter = 64 ft. Strips = 64-4- 1.5 = 43. 

Deduct for openings, (2X5+2X34- 5) = 10.5, or about 7 strips. 
Net 36 strips. Length of strip = 8.5 ft. less 1 ft. (trim) or about 7.5 ft. 
If pattern matches easily, 6 strips can be cut from 1 double roll 48 ft. 
long, otherwise only 5 strips. 38 strips -i- 6 = 634 roHs, or may need r- 
Assume 7- 
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Border = 64 ft. or double rolk. Wni need 2. 

Ceiiius. Strips crosswise. 20 ft. 1.5 = 14 strips needed. 

Length of strip = 12 ft. less about S in., or 11.33 ft. 

1 double roll would give 4 strips, if pattern matches readily, otherwise 
onlj' 3 strips. 

Roils needed = 14 -=- 4 = 3.5. Wili need 4, 

Materials cost. Wails 7 X 50.S5 = -$ 5.95 
Border 2 X SO.6.5 = 1.30 

Ceiling 4 X 50.75 = 3.00 

Paste, sa;.' 2 gal. = 0.60 

Sizing, say 2 gaL = 0.50 

Total -Sll.aS 

Labor: 

For sizing, about S4X S.5-f 12 X 20 — [2X5X84-2X3X54-5X7] 
or 544 4- 240 - 145 = 639 so. ft. 

Assume 0.40 hr. per 100 sq. ft., time required will be 

0.40 X 639 -4- 100 = 2.55 hr. 


Labor for papering wails at 0.70 hr. per roU gives 0.70 X 7 = 4.9 hr. 
Ceiling at O.SO per roll ghres O.SO X 4 = 3.2 hr. 

Border at 0.70 per roil gives 0.70 X 2 = 1.4 hr. 

Total labor = 12.05 hr., say 12 hr. 

Labor cost = .$1.10 X 12 = -$13.20 

Equipment costs will be low, say about -$3 for transportation and depreci- 
ation. 

Overhead, say one-third of labor costs, or $4.50. 

ProSt, sav- 10 per cent of all other costs, or about -$3. 

m rn arv • 


Materials $11.35 

Labor 13.20 

Equipment 3.00 

Overhead 4.40 

Pront 3.00 

Total $34.95 


Or a cost of -$34.95 4- 13, or -$2.69 per roll. 

C. GLAZETTG- 

15. Glazing. — The cost of glazing trill depend upon the total 
area to be glazed, size of panes, quality of glass, price, difnculties 
of installing the glass in the frames, and the wages, skill, and 
inclination of the workmen. 

For approximate estimates, the total area to be glazed with 
each quality or Mnd of glass is taken off and figiures assumed for 
the costs of materials and labor per square oi 100 sq. ft. 
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For more detailed estimates, the take-off shows the number 
and size of panes of each quality of glass, together wth notes 
relating to the work on the particular job. Then the materials 
cost is computed. Labor output is assumed and labor costs 
computed. 

Most sash used for windows and doors in ordinary building 
construction comes ready glazed. However, when steel sash is 
used in industrial buildings, the glass is usually installed after 
the sash is in place and there is little danger of breakage. If large 
steel sash were glazed before erection, they would be very diffi- 
cult to handle, and the breakage would probably be large. 
Most steel sash is made so that the glass may be installed from 
the inside of the building. When glass must be installed from 
the outside, some form of swing scaffold may be used. 

16. Materials. — For accurate estimates, the estimator should 
go over the plans and specifications and count the number of 
panes of each size and kind. Then the required glass should be 
listed as to size (dimensions) and kind. The kind may be single 
strength, double strength, plate, wire, ribbed, etc. The size is 
usually given in inches as 8 by 10, 10 by 16, 12 by 18, 14 by 20, 
etc. From 3 to 6 per cent should be allowed for breakage. 

Window glass is usually packed in boxes containing approxi- 
mately 50 sq. ft. Hence, two boxes are required for each square 
of 100 sq. ft. There are a great many sizes. Widths vary from 
6 to 12 in. by 1-in. intervals, and from 12 up to about 30 in. 
by 2-in. intervals. Lengths vary from 8 to about 40 in. by 
2-in. intervals, and above 40 in. by larger intervals. Manu- 
facturers and dealers rarely stock all the various sizes. Hence, 
their catalogues and stock lists should be consulted for informa- 
tion regarding sizes and grades, and number of panes per box. 
Table 15-6 gives information about some of the various sizes, 
areas, and number of panes or pieces per box. To get the num- 
ber of panes in a box, divide 50 by the area of one pane in square • 
feet. 

Single-strength glass may be used in the smaller sizes. Double 
strength should be used for panes larger than about 3 sq. ft. in 
area. 

Prices of glass vary with the thickness (single strength, double 
strength), clearness or grade, kind (ordinary, plate, wire, etc.), 
and the areas of the panes. List prices are quoted to which 
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T.^bls 15-6. — Gl.^ Sizzs, Ars.*s, .u;i> Nnsss of Paxss ?sa Bos op 

50 Sq. Ft. 


Size, in. 

Xet area of 
100 panes, 
sq. ft. 

1 Panes 

per box 

Size, in. 

1 Xet area of 
lOO panes, 

* sq. ft. 

Panes 
j per bo-x 

i 

6 by S 

33 3 

150 

IS by 20 

i 

250 

; 20 

7 b}' 9 

43 7 

115 

IS by 22 

275 

i 18 

S by 10 , 

55 5 

90 

IS by 24 

300 

! 17 

S by 12 

66.7 

75 

IS by 2S 

350 

i 14 




IS by 34 

425 

! 12 

10 by 12 

S3 3 

60 



j 

10 by 14 

97-2 

52 

20 by 24 

333 

1 15 

10 by 16 

lll.l 

45 

20by2S ' 

3S9 

! 13 




20 by 34 

472 

1 11 

12 by 16 

133 

33 j 

20 by 40 

555 

9 

12 by 20 ' 

167 

30 

20 by 46 

633 

1 ^ 

12 by 24 ' 

200 

25 

1 


! 




22 by 23 i 

3oS 

1 12 

14 by 16 

loo 

' 32 

22 by 34 

519 


14 by 20 ! 

194 

26 

22 by 40 

611 

I 8 

14 by 24 . 

233 

22 

i 22 by 46 1 

703 

1 ^ 

14 by 23 

272 

19 /IS) 

» 

i 





24 by 28 

467 

' 11 

16 by 20 

222 

23 

24 by 34 ' 

567 i 

9 

16 by 22 

244 

21 

24 by 40 

667 1 

8 (7) 

16 by 24 , 

267 

19 

24 by 46 , 

767 1 

7(6) 

16 fay 23 

311 

16 

24 by 52 f 

S67 ; 

6 

16 by 34 ' 

373 

13 


i 


i 



26 by 34 j 

613 i 

S 




26 by 40 , 

722 ! 

7 




26 by 46 [ 

S31 ‘ 

6 




26 by 52 j 

939 1 

1 

5 


large discounts (sa^* 75 per cent or more) apply. Approximate 
prices (1946j per bo.x of 50 sq. ft. var>' from about §2.75 per box 
and up for single-strengtb glass and from about 83.75 per box 
and up for double-strength glass. 

About 1 Ib. of puttj' is required for every 5 to 7 lin. ft. of 
stopping or puttjing. Some estimators allotv 1 Ib. of putty for 
eveiy 2 sq. ft. of glass, or about 25 lb. of putty per box of glass. 
For glazing steel sash, “'steel-sash’' putty should be used. This 
putty is provided at reasonable prices by the manufacturers of the 
sash. The price of putty may vary from about 80.05 to 80.10 per 
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pound. Table 15-7 gives the approximate amount of putty 
required for glazing. 


Table 15-7. — Pounds of Putty Required per 100 Panes and per Box of 

Glass 


Glass 
size, in. 

Pounds putty 

Glass 
size, in. 

Pounds putty 

i 

Per 

100 panes 

Per 

box 

Per 

100 panes 

Per 

box 

8 by 12 

56 

42 

16 by 22 

115 

24 

10 by 16 

75 

34 

16 by 34 

155 

20 

12 by 20 

93 

28 

20 by 28 

150 

19.5 

14 by 20 

100 

26 

20 by 40 

185 

16.5 

14 by 28 

125 

24 

24 by 38 

160 

17.5 




1 24 by 46 

215 

15 

1 

1 


Diagram 15-5 (page 641) may be used for estimating costs of 
glass when the price per box is known. Curves are shown for 
glass vdth breakage allowances of 0.5 and 10 per cent and for glass 
plus breakage allowances plus an allowance of $1.25 per box for 
putty. 

17. Labor. — ^Labor costs vary greatly because of the difficulties 
found on the particular job, the weather, and the skill and 
inclination of the workers. A good average rate of work is 
about 100 panes, 14 by 20 in. in size, per 8-hr. working day. 
Some jobs may run as low as 50 a day, and other jobs may run 
as high as 200 per day. More time is usually required (about 
10 per cent) to glaze monitors and roofs than to glaze side walls. 
Compared with summer work, winter work may require up to 
20 per cent more time, depending upon the severity of the 
weather. The larger the size of the light, the more the time 
required per light for glazing. 


Table 15-8. — ^Labor Required for Glazing Steel Sash 


Glass 
size, in. 

Panes, 
per hour 

Labor-hours 

per 

100 panes 

Glass 
size, in. 

Panes 
per hour 

Labor-hours 

per 

100 panes 

10 by 16 


6- 8 

16 by 22 

9-12 

8-11 

12 by 18 


6- 9 

24 by 34 

4- 6 

18-27 

14 by 20 

10-14 

7-10 

34 by 46 

3- 5 

22-30 

1 
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Table 15-8 gives the approximate number of hours required 
by skilled workers for glazing 100 lights or panes. Summer 
weather and side walls are assumed. 

Glaziag may also be estimated per square of 100 sq. ft. Aver- 
age rates of work are about as follows: 

Tablk 15-9. — Laboh-hottss phb Squabs of 100 Sq. Ft. of Glazed Suhfacb 



[ Square feet [ Labor-iiours 

Size of panes 

1 per ' 

per 


f labor-hour ' 

square 

Small, 1.0 sq. ft. or leas 

' 1 

. . . .i 1-1-15 

4.CI-7.0 

iledittm, 1.5 to 0 so. ft 

I lS-33 [ 

3. 0-5. 5 

Large, - 0 so. ft. or more 

..... __ - J 

2. 5-4.5 


Glazing is often done by painters, and prevailing hourlj- wages 
apply. In some places, glazing is done by a special crew of 
glaners who receive comparatively high pay and who have a high 
hourly output. Sometimes the gla^g is paid for on a piecework 
basis with varying rates for panes of different sizes. Wages of 
skilled workmen may van* from about $1 to $2 per hour. 

Diagrams 15-6 and 15-7 (pages 642 and 643) may be used for 
estimating the cost of glazing. 

Steel sash are usually erected by structural-steel or iron 
workers and not by the glazier. The painting or calking of the 
steel sash may be done by steelworkers, masons, or handy men 
and rarely by painters or glaziers. 

18. Equipment. — The cost of equipment for a glazing job is 
usually FTTiflll The equipment needed may consist of a swinging 
scaffold, ladders, stepladders, putty knives, and glass cutters. 
Transportation will be needed for scaffolds and ladders. The 
glaziers can move the swinging scaffold and ladders as needed. 
An allowance of about $10 to $20 is usually sufficient for a small 
gang of about- three to five men. 

If built-up scaffolds are required, these should be estimated 
separately. The estimate should include all materials and all 
labor needed for erection, moving, and dismantling. 

19. Overhead and Profit. — Overhead is usually based on labor 
costs and may range from 20 to 45 per cent. When based on the 
sum of materials and labor, the percentage may range from 10 to 
25 per cent. 
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The percentage allo\s^cd for profit may vary from S to 20 per 
cent of the sum of all other costs. 

20. Glazing Estimates. — Glazing estimates should include the 
costs of all materials delivered at the job (including freight, 
insurance, truckage, handling, storage, and breakage), and the 
costs of labor, equipment, overhead, and profit. 

If desired, estimates may be subdivided to show costs per sash, 
costs per light or pane (of each size), or costs per 100 sq. ft. of 
glass, 

21. Illustrative Estimate. — Estimate the costs of materials, labor, equip- 
ment, overhead, aud profit for the following job of glazing steel sash. All 
lights are double strengtli (DS) AA grade clear glass. 


Size of lights, 
inches 

1 

No. of lights 

Square 

feet 

10 by 16 

250 

278 

12 by 18 

300 

450 

14 by 20 

672 , 

1307 

20 by 22 

154 

471 


Cost of lights is S5.65 per box of 50 sq. ft. delivered at the job. 
Cost of sash putty is §0.06 per pound. 

Labor Avage is §1.20 per hour. 

Equipment costs assumed as §17 for the job. 

Overhead assumed as 26 per cent of labor cost. 

Profit assumed as 12 per cent of all other costs. 

Materials (AIIoav 3 to 5 per cent for breakage) : 


250 lights, 10 by 16 in., 45 per box, say 5.75 boxes = S 32.50 

300 lights, 12 by 18 in., 34 per box, say 9 boxes = 51.00 

672 lights, 14 by 20 in., 26 per box, say 27 boxes = 152.50 

154 lights, 20 by 22 in., 16 per box, say 10 boxes = 56.50 

Total lights 51.75 bo.xes =§292.50 

Putty 75 X 2.50 = 190 lb. 

90 X 3.00 = 270 lb. 

100 X 6.72 = 672 lb. 

125 X 1.54 = 193 lb. 

Total = 1,325 lb. at §0.06 = S SO. 00 

Materials total = §372 . 50 


Materials costs for glass may be checked by the area method. 
Total area = 2,506 sq. ft. plus 4 per cent for breakage gives 
2,600 sq. ft., or 52 boxes at §5.65 = §294 

Putty at 26 lb. per box = 1,350 lb. at §0.06 = 81 

Total materials = §375 
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HEAVY MACHINERY 

1. Estimating Machinery. — ^The estimation of the costs of 
heavy machinery is a special problem in the handling, trans- 
porting, and installing of comparatively large and heavy objects. 
Nearly every problem of this kind includes such items as the 
following : 

Machinery cost, usually f.o.b. factory. Sometimes the manu- 
facturer allows or prepays freight to destination. 

Freight to most convenient railway siding, if shipped by rail- 
road, including demurrage and other extra charges. 

Freight to site if shipped by truck. 

Transporting, erecting, operating, and taking down of special 
equipment required for handling heavy machinery. 

Unloading from railway car and transporting from railway 
car to site, or unloading from truck at site. 

Installing the machinery in place, which may include erection, 
setting, lining up, and grouting. 

Miscellaneous work which may include the construction of 
foundations, and the removal and replacing of building walls and 
roofs. 

On some jobs, the owner or general contractor assumes the 
cost of the machinery f.o.b. destination and a subcontractor 
cares for the handling, transportation from railway siding to site, 
and uistallation at the site. When preparing estimates for the 
subcontractor, the materials cost (except that for miscellaneous 
materials) is omitted. Insurance is cared for in the overhead 
costs. 

When preparing an estimate for heavy machinery, the esti- 
mator must have information concerning the kinds, sizes, and 
weights of the machinery; the method of transportation from 
factory to destination; the kinds of equipment the contractor 
may have or may be able to secure by rental or purchase; the 
abiKry skill of the foreman and crew; the methods that may 
be satisfactorily and economically used for handling, trans- 

430 
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On many jobs, miscellaneous materials may be required, such 
as bolts and washers, materials for making grout, or masonry 
materials as the case may be. The costs of these miscellaneous 
materials delivered at the job should be estimated and preferably 
included in the materials cost. 

3. Labor. — ^The labor required may include the following: 

Handhng. Unloading from railway car to ground or to truck, 
trailer, or dollies, and unloading at the site. The machiaery 
may be unloaded from the railway by means of a crane, derrick, 
or gin pole; by means of jacking, bulling, or skidding on small 
rollers as the case may be. 

Transportation. Extra labor is often required to help in the 
transportation of the machinery to the site. The machinery 
may be moved on skids and small rollers, on heavy four-wheel 
trucks or dolhes, on large-capacity autotrailers, or on large- 
capacity trucks. The extra labor required will vary "with the 
particular job. 

Installation. The labor required will depend on the kind, size, 
and weight of the machines, the equipment provided, and the 
methods used. This labor may include the labor of erection as 
for a steel smokestack, the labor of setting or placing a machine 
(such as an engine or dynamo) in position, lining up and plumbing 
the machine after setting, fastening the machine in position by 
bolting, riveting, or grouting. 

Equipment. Labor will always be required for moving, erect- 
ing, operating, taking down, loading, and unloading equipment 
of various kinds. 

Miscellaneous. On many jobs, labor may have to be provided 
for constructing foundations, setting anchors and anchor bolts, 
remo\dng and replacing walls and roofs, etc. 

The size of the gang will vary with the machine to be installed, 
the equipment used, and the kind of work. Usually, a gang will 
contain about 4 to 10 men under a capable foreman. The gang 
may be composed of foreman, skilled labor (truck driver, crane 
operators, steelworkers, masons, etc.), and unskilled labor, 
depending on the kind of work. When conditions permit it, 
as many unskilled men should be used as practical. If the men 
in the gang are used to working together under the particular 
foreman, there may be a considerable saving in labor time on 
work of this kind, when compared mth a green or inexperi- 
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enced gang. There is a skill or knack of handling hea-vy machin- 
ery that can he acquired only by experience. 

The Tvages of the men may vary about as follovrs: 


Fore man .$1 . 50 to -S4 . 00 per hour 

Skilled labor .$1.00 to S3. OO per hour 

Unskilled labor $0. 50 to $1 ,50 per hour 


The labor of handling, transporting, and installing hea\y 
machinery can be most conveniently estimated in labor-hours 
per ton, tvith details noted in regard to machinerj', equipment, 
and vrorking conditions. Sometimes a hea\'y machine can be 
handled at less cost per ton than a light machine. 

The labor required for the equipment may be estimated in 
labor-hours required for each kind of equipment. 

The labor required for miscellaneous work may be estimated 
in labor-hours for the particular job according to the kind and 
quantity of work to be done. 

Tables 16-1 to 16-4 give the labor-hours per ton required for 
doing various kinds of work. The values given are necessarily 
very approximate, and must be so considered. It is practically’ 


Tabis 16-1. — ^Appboxdiax 
I cem 

Bulling and moving or turning up to S or 10 ft . . 
Jacking up or down, and placing or removing 


Laboh-hottbs roB Hbavt Machikbbt 
Labor-hours 


Unloading, from car to ground, from car to truck 
or trailer, from truck or trailer to ground, with 

use of derrick or gin pole 

Erecting with use of derrick or gin pole (steel 

stack for e-xample) 

Setting, plumbing, etc. (steam boiler, for e.tam- 

pis) 

Lining up, roughly 

Lining up, accurately 

Grouting 

Installing guy wires on stack 

Riveting, hand-driven field rivets 

Jacking up or down, and placing or removing 


1 - 2 

per ton 

0.5 - 1.0 

per ton per 
foot of height 

1 - 2 

per ton 

0.5 — 1.5 

per ton per 
100 ft. 

1 - 6 

per ton 

2 —12 

per ton 

1 - 3 

per ton 

0.5 - 3 

per ton 

3 -15 

per ton 

0.10- 0.25 

per ton 

1 - 3 

per guy wire 

12 -25 

per 100 rivets 

1 — 5 

per ton 
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impossible to give accurate information because of the differ- 
ences in working conditions, variations in the skill and abihty 
of the foreman and men, variation in equipment, and differences 
in kinds of machinery. 


Table 16-2. — Appeoximate Labor-hours Required ,for Unloading, 
Erecting, and Lining up Certain Kinds op Machinery 


Kind of machinery 

Work 

Labor- 
hours 
per ton 

A. Large and bulky machinery 

Unload car to truck or trailer 


such as smokestacks, shells, 

or to ground 

2-8 

and tanks weighing about 1 to 

Unload truck or trailer to 


5 tons per piece. (Smoke- 

ground 

1.5- 6 

stack and like types requiring 

Erect only 

3 -10 

riveting and guying.) 

Erect and rivet sections 

6 -20 


Erect and line up 

5 -15 


Erect on ground, hand rivet, 



guy 

8 -25 


Erect on roof, hand rivet, guy. . 

10. -35 

B. Heavy but not bulky machin- 

Unload car to truck or trailer or 


ery such as boilers, compres- 

to ground 

2-7 

sors, engines, and motors 

Unload truck or trailer to 


weighing 2 to 10 tons per 

ground 

1 - 5 

piece. 

Set and roughly line up 

2-6 


Accurately line up when re- 



quired 

3 -18 

C. Heavy but not bulky machin- 

Unload ear to trailer or to 


ery such as engines, boilers. 

ground 

2-6 

and motors weighing 10 to 50 

Unload trailer to ground 

1 - 5 

tons per piece. 

Set and roughly line up 

2-5 


Accurately line up when re- 



quired 

3 -15 


The values given do not include any labor for equipment such as labor of 
unloading, erecting, rigging, taking down, and loading derricks or gin poles, 
but do include labor of arranging ordinary cribbing and blocking. 


Labor Diagrams . — Diagram 16-1 (page 644) may be used for 
estimating the labor cost of handling and installing heavy machin- 
ery, and Diagram 16-2 (page 645) for estimating the labor cost 
for equipment. 

4. Equipment. — ^The equipment used for handling, transport- 
ing, and installing heavy machinery will depend upon the needs 
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Tablb 16-3. — ^Apphoxulite Labob-hocbs Reqcihsd fob EquipirEXT 


Labor- 

Item hours 

Handling cribbing and timbers, per lOO pieces 1- 5 

Gin pole or guy derrick, large, 15- to 30-ton capacitj*: 

Unload and erect 40-100 

Take dotvn and load 15- 50 

Gin pole or guy derrick, small, 5- to 15-ton capacity: 

Unload and erect 20- 50 

Take down and load S- 20 

Srinleg derrick, large, 25- to 60-ton capacity: 

Unload and erect 150-300 

Take down and load SO-150. 

StiSeg derrick, medium or smaU, 10- to 30-ton capacity: 

Unload and erect 60-150 

Take down and load 30- SO 

Hand derrick, small, 1- to 5-tOB capacity: 

Unload and erect 15- 40 

Take down and load S- 20 


TasLB 16-4. — A ppTj QVTxt i. TF EsTH.i Laboe RzQtnBzn with EQtnpiizxT 


Item Extra Labor 

With each autotruck 1 driver, 1 or 2 helpers 

With each autotruck trailer 1 to 3 helpers 

With each set (3 or 4) of heavy dolly trucks 2 to 4 helpers 

With each hand windlass 2 to 5 helpers 

With each crane or derrick (power) 1 foreman, 1 operator, 

and 4 to 10 helpers 

For handling cribbing or timbers 2 or more 

For jacking, bulling, cribbing, etc. 

(About 2 plus 1 to 3 for each 10 tons of weight) ... 1 foreman, and 2 to 12 

helpers 


of the particular job, the methods that may be used, the equip- 
ment available (either owmed or rentable), and what the con- 
tractor thinks should be used. There are, consequently, a great 
variety of combinations of kinds and sizes or capacities of equip- 
ment that may be considered. In this text, some of the equipn 
ment that may be used will be listed. The reader is referred to 
texts on construction methods for the proper selection of equip- 
ment and its use. 

To find the equipment costs for a given job, all equipment 
used must be listed with the costs, and the total found. The 
cost per ton equals the total equipment cost ditfided by the ton- 
nage of the machinery. 
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T.tBLS 16 - 5 . — Y.vrious Types of Equipment Th.^.t M.\t Be L5ed fob 


H.\^*dling, Tbanspohteng, a.vd 
Handling, loading, and unloading: 
Cribbing and timbers 
Skids and small rollers 
Jacks 

Pinch, cla'iT, and cro'.r bars 
Dollies, small 
Gin poles 

Shear legs and A frames 
Stationary cranes and derricks 
Cratvler cranes 

Hand and potver operated cranes 
and derricks 
Winches 

Block and tackle 
IMre and manila rope 
Small tools 
Transporting: 

Autotrucks 

Autotrucks and trailers 
Hea'O’ four-tvheel dollies 
Skids and rollers 
Winches 

Block and tackle 

Wire and manila rope 

Various small and hand tools 

Lighters 

Tugs 

Floating cranes and derricks 


IkSTALLECG HeAYY il-ACHEtEHY 
Erection or installation: 

Cribbing and timbers 
Jacks 
Gin poles 

Shear legs and A frames 
Cranes and derricks, both hand 
and power 
Crawler cranes 
Block and tackle 
iilre and manila, rope 
Various small and hand tools 
Ladders 
Scan olds 
Slings 

Welding equipment 
Biveting equipment 
Air compressors 
Steelworkers’ tools 
Grouting equipment 
Mason’s tools 
Eoofers’ equipment 


Pt.ental costs iiia 3 ' be per hour, per da 5 ", per tveek, or per month 
with certain minimum charges. The daily rate may be based 
on a day of 10 hr. or less. The hourly rate may be 3ao o- y'S 
the daily rate. The weeklj’’ rate ma^’' be three to four times the 
daily rate. The monthly rate may be about three times the 
weekly rate. Hental rates start at the time the equipment is 
turned over to the renter, either at the job site or f.o.b. the near- 
est railway siding. Hental rates may include machine and fuel, 
maior but not minor repairs, and may or may not include an 
operator. They usually do not include transportation and 
freight. 

The best method of estimating equipment costs is to nrst 
estimate the number of days that each piece of equipment will 
be used or held available for use. Then the total cost, of one 
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piece of equipment for the job would include dailj^ ownership 
or rental cost times number of days held or used on the job, 
plus transportation costs to and from the job, plus maintenance, 
and plus labor costs of operation, erection, takedown, etc. (if 
these labor costs are not included in the labor estimate). 

Information concerning ownership and rental costs of various 
pieces of equipment is given in Appendices B and C. 

The equipment costs per ton of heavy machinery is a suitable 
unit to use for approximate estimates when, and only when, 
the estimator has adequate information. Xaturally the costs 
per ton of machinery will vary considerably with the different 
kinds of equipment used, the sizes and weights of the machinery, 
the skill of the foreman and crew, and the transportation costs 
of the equipment to and from the job. The labor costs of erect- 
ing, operating, moving, taking down, loading, and unloading 
equipment are usually included in the labor estimate. 

Table 16-6 gives approximate equipment costs per ton of 
heavy machinery for different kinds of equipment. The values 
Table 16-6. — ^Apphoxhiate Eqcipiiext Costs per Tox of Hexvt 

ilxCHIXEET 

Transportation and labor costs are not included 


Item Cost per Ton 

Handling, loading, and unloading: 

Cribbing and timbers -SO . lO-Sl . 50 

Skids and small rollers or dollies 0.20— 2.00 

Jacks 0.05- 0.25 

Hand tools, hammers, bars, etc 0.10— 1.00 

Small gin poles, shear legs, A frames, etc 0.10- 3.00 

Hand derricks and cranes 0.10— 3.00 

Medium and large stationary cranes and derricks 0.20— 4.00 

Block and tackle, and wire and manUa rope 0.10- 1 .00 

Crawler cranes 0.20- 4.00 

Transportation: 

.•Autotrucks (-SI for load and unload -r 0.10 per ton mile) . . 1.10-4.00 

Autotrucks and trailers (ton costs about same as for auto- 
trucks) 1.25- 5.00 

Heavy four-wheel dollies (set of 3 or 4), per mile 0.20— 0.50 

Skids and rollers or small dollies 0.25— 1.00 

Winches 0.20- 1.50 

Block and tackle and wire and manila rope 0 . 10— 1 .00 

Erection: 

See items imder Handling, loading, and unloading 

Ladders, slings 0.10— 0.50 

Scaffolds 0.10-2.50 
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given do not include transportation costs of equipment to and 
from the job and labor costs of loading and unloading, erecting, 
mo^nng, operating, and taking down the equipment, unless 
otherwise specified. 

The range in costs as given in Table 16-6 is quite large for 
several reasons. For example, one piece of equipment with a 
minimum rental price of $5 per day may be required for handhng 
a machine of 2 tons weight, gimng a cost of $2.50 per ton. On 
another job, a similar piece of equipment may be used to handle 
several machines in .a daj* with a total tonnage of, say, 50 tons. 
Tills would give a cost of bur $0.10 per ton. An e.xample would 
be a crane or derrick unloading machinerj’’ at a railwa}’’ siding. 

The cost of transporting hea\'\' machinery’’ -nfith autotrucks or 
with autotrucks and trailers may be determined approximately 
by the formula 

( Cost per ton\ _ / cost of loading andN I cost perN ^ / miles IiauledN 
of machinery-/ Vunloading per ton/ ' Vtnn mile/ v loaded / 

Loading and unloading costs niaj* range from $0.75 to $2.00 per 
ton, and the cost per ton-mile may range from about $0.07 to 
$ 0 . 20 . 

Diagraim . — Diagram 16-3 (page 646) may be used for esti- 
mating equipment costs, and Diagram 16-4 (page 647) for esti- 
mating transportation costs. 

5. Overhead and Profit. — Overhead costs may be compara- 
tively large, because of the job hazards and the fairly high rates 
for compensation insurance and for other special insurance that 
may be charged. The overhead costs may be based on the sum 
of material, labor, and equipment costs, based on labor costs 
alone, or based on material, labor, and equipment costs using 
different rates or percentages for each. 

When based on labor costs alone, overhead costs may range 
from about 40 to 70 per cent of the labor costs. 

When different rates are used for materials, labor, and equip- 
ment, approximate variations are 
From 2 to 10 per cent of the materials cost. 

From 30 to 60 per cent of the labor cost. 

From 3 to 10 per cent of the equipment cost. 

The profit charged on a heavy machinery job is usually fairly 
high. Average rates may vary from about 8 to 25 per cent of the 
sum of all other costs. 
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6. Heavy-machinery Estimates.— The estimate for heavy 
machinery should include: 

Materials. Cost of machinery, freight, and miscellaneous 
materials. 

Labor. All labor costs of handling, transporting, and installing 
the machinery. 

Equipment. All equipment costs. 

Overhead. Usually based on labor costs. 

Profit. Based on sum of all other costs. 

The estimate may be in more detail if desired, and unit costs 
per ton of machinery may be computed. 

Some estimators arrange their estimate differently by sepa- 
rating the handling and transportation and installation costs 
about as follows : 

Materials. Cost of machinery, freight, and miscellaneous 
materials. 

Handling and transportation. From railway car to job site. 

Labor. Cost of all labor used for this purpose. 

Equipment. Cost of all handling and transporting equip- 
ment. 

Installation, erecting, setting, l ining up, grouting, etc. 

Labor. Cost of aU labor of installation. 

Equipment. Cost of- all eqiupment used for installation. 

Overhead. As a separate item, or subdivided under materials, 
handling and transportation, and mstallation. 

Profit. On sum of all other costs. 

7. Dlnstrative Estimates. Skam Boiler. — Prepare an estimate of the cost 
of unloading from a railway car a return tubular steam boiler weighing 
12 tons, transporting the boiler 3 miles to the job site, and erecting the boiler 
on its foimdations. As the walls and roof of the boiler house have not been 
built, it will not be necessary to make an opening in the walls. Boder is 
moimted on skids and was shipped, on a flatcar. 

Boiler is to be unloaded from flatcar to trader, transported 3 nodes to 
job site, unloaded, and placed in position. The foUowing data are assumed: 

Rental of suitable truck and trader, 1 driver 


and 1 helper, included ^60 per day 

Miscellaneous cribbing, timbers, small rollers, 

tools, etc., including transportation $12 per job 

Workmen - S 1.00 per hour 

Foreman - ^ 2.00 per hour 


Overhead, 38 per cent of labor cost (excluding truck driver and 
helper). 

Profit, 12 per cent of ad other costs. 
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First day. 

Unloading, car to trailer. 

Place rollers under skids, place timber and cribbing, load on trailer, 


place cribbing, etc., on truck. 

Use a gang of 1 foreman and 5 laborers. 

Hourly wage of the gang = $2 4- SI X 5 = S7.00 
Average hourlywage, foreman supervising only 

= S2 + SI X 5 
5 


SI. 40 


Estimate about 2.5 hr. per ton, or 2.5 X 12 = 30 labor-hours, or about 
6 gang-hours. 

Trucking 3 miles to job site may require about 1 hr. 

Unloading, trailer to timbers on ground, about 1.25 hr. per ton, or 
1.25 X 12 = 15 labor-hours, or about 3 gang-hours. 

This will take a day of 10 hr. 

Second day. 

Skid and roll boiler to foundation, lower and set on foundation, hang 
doors, clean up and remove all equipment. This is estimated to take 
about 2.25 hr. per ton, or 2.25 X 12 = 27 labor-hours. Or about 
5.5 gang-hours. 

Total gang-hours for both days = 15.5 

Summary (no materials cost): 



Cost per 

Total 

Item 

Ton 

Cost 

Labor, .$7 X 15.50 

. ... S 9.04 

$108.50 

Equipment, .$60 4- $12 

. ... 6.00 

72.00 

Overhead, 38 per cent of $108..50 

.... 3.44 

41.30 

Profit, 12 per cent of $221.80 

2.22 

26.60 

Total 

. ... $20.70 

$248.40 


Note; In regard to this particular estimate, a like job was done in the year 
1936 at a net cost of §116. The contractor used his own truck and trailer, 
hired labor for $0.40 per hour, allowed $10 for overhead, and allowed $15 
for his wages and profit. In 1938, six similar jobs in live different states 
cost $136,’ $149, $152, $192, $198, and .$222. 

Smokestack . — Prepare an estimate of the cost of unloading from a railway 
car to trailer a steel smokestack 3 ft. in diameter and 50 ft. high, transporting 
the smokestack 3 miles to the job site, riveting the sections together (the 
stack comes in three sections), and erecting the stack on the roof of the 
boiler house. Weight of stack is about 3 tons. The stack is to be erected 
by rising a suitable gin pole. The contractor has the requisite equipment. 
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Tte following data are assumed: 


Gin pole and rigging, owner’s cost per day $2.00 

Truck, 5 ton, with power winch moimted back of seat, 

daily cost 15.00 

Two-wheel trailer, 5 ton, suitable for moving stack 

sections, gin pole, other equipment, daily cost 1.00 

Equipment for cold riveting and rivets, job cost, 

estimated 12.00 

Miscellaneous tools and equipment, job cost estimated 5.00 

Contractor acts as foreman, bourl 3 ' wage 2.00 

Five workmen, one acting as truck driver, hourlv* wage , 1.00 
Overhead, 38 per cent of labor cost. 

Profit, 12 per cent of all other costs. 


Stack sections maj* be unloaded from flatcar to trailer, and from trailer 
to ground, bj* hand labor without use of gin pole. Gin pole is used for 
erection onlj'. 

Stack labor: 


Unloading stack from car to trailer, say 4 labor-hours per 

ton or section, giving 12 labor-hours 

Unloading at job site, a little less, say 10 labor-hours 

Cold-riveting sections together, about 90 rivets at 20 hr. 

per 100 rivets, say 18 labor-hours 

Erecting stack, including raising to a vertical position, 
raising to roof of boiler house, and setting with aid of 
g'm pole and wench on truck, say about 9 labor-hours 

per ton or 27 labor-hours 

Guying 4 guys, say *1 labor-hours 

Trucking, assume 1 hr. with gang 5 labor-hours 

Total for stack 76 labor-hours 

Equipment labor: 

Loading gin pole and other equipment at contractor’s 

Yard ^ labor-hours 

Unloading at job 8 labor-hours 

Erecting and rigging gin pole 20 labor-hours 

Takedown and load, gin pole 8 labor-hours 

Unload again at contractor’s v’ard 3 labor-hours 

Trucking 2 hr. with gang 10 labor-hours 

Total for equipment '18 labor-hours 

Total for job 124 labor-hours 

Gang-hours for a gang of 5 men 25 gang-hours 
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Selection and arrangement of equipment suitable for the job, 
consideration being given to kind of work, amount of work, 
characteristics of site, equipment available, etc. 

No piece of equipment should be used on any job unless this 
use will be economical, especially in regard to costs. 

Whenever the topography of the site permits, gravity should 
be utilized for handling materials. 

Capacities of machines should be sufi&cient for the work, so 
that neither overloading or idling is required. That is, for 
efficient operation, macliines should be worked as near their 
rated capacities as possible. 

Machines should be located so that they may be used effi- 
ciently and also so that the number of moves will be a reasonable 
minimum. 

The tendency toward accidents and delays should be reduced 
whenever possible. A stock of spare parts kept on the job will 
tend to reduce the time of delays caused by breakdowns in 
machinery. 

Remember that the sum of all items of unit cost must be a 
minimum. 

3. Construction Plant Required for a Job. — The methods 
followed in various construction jobs are partly standardized 
according to the kind of work, amount of work, and location. 
Construction equipment is also standardized to some extent, 
different machines being developed for different kinds of work. 
Consequently, the contractor and his estimator should have a 
good knowledge of suitable methods and equipment for any 
particular job. 

The following will give a general idea in regard to the different 
equipment required for various jobs: 

Earth excavation may need power shovels, cranes, derricks, 
grab buckets, plows, picks, shovels, scrapers, etc. 

Rock excavation may need explosives, drills, and other tools. 
Materials transportation may require motor trucks, trailers, 
tractors, wheelbarrows, wagons, belt conveyors, and unloading 
and loading equipment. 

Piling may require pile drivers, hammers, templates, caps, 
points, etc. 

A concrete building may require wood-working machinery 
for forms, bar benders, and cutters, bins for storing aggregates, 
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cement shecb, proportioning equipment, nuxers, towers, and 
hoists, barrows, chutes, belts, pumps, etc. 

A structural-steel office bmlding may require guy or stiffieg 
derricks, riveting equipment, etc. 

An industrial t jqje steel building may need a gin pole or tractor 
crane, riveting equipment, etc. 

A concrete highway ma}- need e.veavating machinery, road- 
working machinery-, autotrucks, tractors, concrete pavers, etc. 

The equipment required for various kinds of work has been 
discussed in most of the preceding chapters. For further infor- 
mation, the reader is referred to such texts as “Handbook of 
Building Construction” by Hool and Johnson, “Construction 
Pla nnin g and Plant” bj' Ackerman and Locher, and “Standard 
Construction ^fethods” bj* Underwood. 

4. Plant Design. — Construction-plant design includes the 
selection and arrangement of the construction plant or equip- 
ment needed for any particular construction job. 

Before selecting the construction plant and planning the 
arrangement or lajmut, the site should be visited and conditions 
studied. Notes should be taken in regard to the location of the 
work, kind of soil, availability of power, light, water, and sewer, 
local ordinances and regulations, highways and other transporta- 
tion facilities, railway yards, material dealers, banking facilities, 
local labor supply and conditions, boarding and rooming places 
for workmen, etc. Sketches are often helpful and should be 
made. In some instances, topographic maps are needed. 

Ha\-ing the various details concerning the site in mind, and 
kno^ving the kind and amount of construction work to be done, 
the contractor or his estimator must be able to visualize the work 
to be done, starting with the preliminary operations and follow- 
ing through to the final operations. Then the various pieces of 
equipment may be selected and the arrangement or layout 
prepared. 

The equipment selected for any particular job will depend on 
what is thought to be desirable, what the contractor has avail- 
able, and what he may reasonably expect to acquire by purchase 
or rental. Each piece of equipment must be suitable for the 
work to be done. The type and capacity of each machine must 
be such that it may be operated economically in connection with 
the other machines and the workmen on the job. That is, all 
nieces of equipment should be of such size and capacity that th“ 
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plant is “balanced.” By a balanced plant is meant one in tvbieb 
eacb machine -will be operating emcientlj’’ and at practically full 
capacity tvithout any idleness or delays. 

Sometimes the contractor has all the desired equipment, and 
at other times he must purchase or rent additional equipment. 
Whether the contractor should purchase nerv* or secondhand 
equipment, or rent it, may depend upon his nuances and the 
particular iob. If the job is a comparatiTely small one, or if a 
certain kind of equipment is needed that may be rarely used 
aftenvard, the contractor may find it advisable to rent the equip- 
ment. Hotrerer, if the needed equipment is such that the con- 
tractor may find use for it on other jobs, he may find it advisable 
to purchase the equipment either new or secondhand. Some- 
times good standard secondhand equipment maj- be purchased at 
reasonable prices. 

After the equipment has been selected, a layout should be pre- 
pared showing the arrangement of the equipment. The layout 
maj- be a map or sketch showing the location of each major piece 
of equipment and all the probable moves. Xoi.es may be made 
explaining the reasons for the locations of the machines on the 
map and their probable moves. If posrible, all the construction 
plant should be located at the rite as it is then easier to super- 
intend the work of this equipment. However, on some jobs, 
some equipment may be needed at the railroad riding, other 
equipment at the contractor’s shop, or yard, and the remaining 
equipment at the job rite. Conditions vaiy on dirierent jobs, 
and the equipment must be arranged to the best advantage for 
the job in question. The equipment should be arranged so that 
the work will progress from one machine to another without 
unnecessary travel or delays. 

When selecting the equipment and planning the layout, con- 
riderarion should be given to the following: 

1. Plant should be “balanced.” Capacities of machines 
should be such that nrither overloading nor idling of machines is 
ne cessary. 

2. Power supply should be sumcient at all rimes. A small 
excess of power is advisable. 

3. Power supply should be arranged so that a breakdown of 
one machine will not cause others to be shut down. 
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4. A reasonable stock of spare pans sbould be kept on. band so 
as to reduce the tune lost b\' minor breakdowns. 

5. Supplies of fuel, water, lubricants, and accessories should 
be sunncient at all times. 

6. Stock pUes should be placed as close to place of nnal u^e as 
practicable. The material having the greatest bulk should be 
placed the closest. 

7. If power equipment is used for handling materials, han- 
dling by man povrer should be kept at a minimum. 

S. Each tower, derrick, hoist, etc., should be located so that 
it will serve as large an area as practicable and also so that the 
moves wiU be a minimum . 

9. Ivlixers, saws, batchers, etc., should be placed so that their 
output may be delivered as closely to the work as is possible. 

10. Gravin' should be utilized for handling materials and parts 
of the work whenever practicable. 

11. Sumcient small tools of various kinds should be provided. 

12. The plant layout should be such that the total amount of 
work, as measured in foot-pounds of work or energy, should be a 
minimum. 

5- Plant Design for a Reinforced Concrete Building. — ^The 
following discussion will give an idea as to how the concrete-plant 
problem for a proposed reinforced concrete building may be 
considered. 

Before the plant design for a reinforced concrete building is 
started, the site should be visited and the location oi the building 
noted, together with the space available for the construction 
plant. The topography of the ground has some enect on the 
plant layout, in that the materials preferably should not be 
moved up hill, and that the force of gravity may be used to acsist 
in the moving of the materials if the site is sloping. Such thin^ 
as location of railway sidings, paved or unpaved streets leading 
to the site, availability of water and power, and sometimes the 
available labor supnly have an effect on the plant design. 

It is advisable to make a map of the site and show the location 
of the proj)osed building, field oSce, form-lumber piles, form 
work-benches, steel piles, steel-fabricaring benches, aggregate stor- 
age, cement storage, miser, towers, hoists, derricks, and other con- 
struction items in detail. In instances where the available space 



CONSTRUCTION PLANT AND EQUIPMENT 


449 


The method used in getting the materials to the miser is 
important. If the storage space is ample, comparatively large 
piles of coarse and fine aggregates may be placed near the miser 
(the coarse aggregate should be closer, as it is larger). The 
cement should be stored in a weather-tight shed. If the storage 
space is small, it may be necessary to have the materials stored 
elsewhere and hauled to the miser by trucks. Care must be 
taken to keep dirt and other impurities out of the aggregates. 
If necessary, the mixing plant should be placed elsewhere, and 
the mixed concrete hauled to the work in trucks. 

Efficient operation of the mixer is necessary for economical 
work. The time required for loading wfil vary from 10 sec. 
to 1 min., with an average of about 20 sec. The time of mixing 
should never be less than 1 min., though many mixer operators 
try to gain time by reducing the time of mixing. The time 
required for unloading requires from 10 sec. to 1 min., with an 
average of 30 to 35 sec. Thus the total time required for a mhdng 
cycle varies from about to 3 min., with an average of about 
2 min. Of course, it is improbable that a batch every 2 min. 
could be produced horn* by hour and day by day, because of 
delays in getting the materials to the mixer, delays in placing 
the mixed concrete, and delays due to breakdowns of some part 
of the plant. 

The apparatus for measuring the materials (cement, fine and 
coarse aggregates, and water) for the batch must be such that the 
materials can be accurately and quickly measured and the correct 
proportions of the mix pro^dded in all cases. 

The concrete coming from the mixer may be transported to the 
forms in one of several ways. Xo matter which transportation 
method is chosen, the conveyance used should have a capacity 
equal to, or a little greater than, that of the mixer, so that the 
operation of the mixer will not be slowed up. The method 
selected may be one of the following: 

1. By barrows or carts, in which the concrete is wheeled from 
the mixer to the forms. A tower and a hoist may be used for 
raising the carts and barrows to higher levels. 

2. By a tower and spouting system, where the concrete is dis 
charged into a skip or bucket, and this skip hoisted up a toiler 
and dumped into a hopper, from which the concrete flows throug 
spouts to its place in the forms. 
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data for computing plant costs. When a contractor rents equip- 
ment, he may estimate the costs by adding to the rental all 
other expense items that may be involved. Some contractors 
that own their equipment assume that they are renting the 
equipment from themselves and then figure the costs accord- 
ingly. At the present time, the use of the methods htiH data 
published by the Associated General Contractors is increasing. 
A brief discussion of this method is given in Appendix B. The 
reader is referred to the latest publications of the Associated 
General Contractors for complete detailed information. 

Ownership Costs . — ^When a contractor owns his own equip- 
ment, the cost items include first cost, freight, insurance, over- 
head, interest on investment, depreciation, major repairs, 
salvage value, storage, transportation to and from jobs, installa- 
tion (erection and removal), moves, operation, and minor repairs. 

The first cost of a plant includes many things besides the 
factory price, f.o.b. cars. Some of these things are freight or 
express, bonus for prompt delivery, cost of tracing, and unload- 
ing. The cheapest plant may not always be the most economical 
when other cost items are considered. 

The cost of installation varies with the type of plant, location 
of the job, cost of labor, moving charges, erection cost, and other 
details. 

The cost of operation depends upon such things as the ma- 
chines, the plant arrangement, the organization, the character 
and ability of men in charge of the plant, and the weather. The 
cost includes such items as wages of operators, cost of oil, and 
power (electric, steam, or gasoline). 

The maintenance cost includes such items as the upkeep of the 
machines and the repairs, and also depends somewhat upon the 
mechanical excellence of the plant and the care with which 
the plant is operated. 

The cost of removal includes the labor cost of dismantling the 
plant, transportation costs, loading and unloading costa, and 
storage. 

The salvage value oi contractor’s machinerj is t ariable, and 
depends on the kind of machinery, the condition it is in, and the 
demand for this machinery at the time it is placed on the market. 

Depreciation costs are comparatively large because or excessive 
wear and tear, obsolescence, lack of care, etc., v. hich tend to 
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shorten the useful life of the equipment. The straight-line 
method of depreciation apparently is the most suitahle method 
for contractor’s equipment. In this method, the yearly (or 
monthly) depreciation is equal to the difference between the total 
first cost and salvage value divided by the assumed *'^life” of 
the equipment in years (or months). 

The ovmership costs of equipment are usually computed on a 
monthly basis. The cost for one piece of equipment for any one 
job is found by multiplying the monthly rate by the total time 
that this equipment is held available for the job. 

The contractor should keep complete cost records of all equip- 
ment ovned or rented. Many contractors prefer some form of 
card records or loose-leaf book records. 

When using the Associated General Contractor Method 
(Appendix B), note that the cost data given includes depreci- 
ation; overhauling, major repairs, and painting; interest, taxes, 
storage, and insurance; ownership total expense; average use 
in months per year; and expense per vorking month. The 
daily rate is eqxial to the monthly rate divided by 30. Tlote that 
other costs items must be added. Some such items are transpor- 
tation to and from the job, erection and removal, moves, opera- 
tion, and minor repairs. 

Rental Costs . — The total cost of a rented piece of equipment 
for any one job rrill depend upon such items as monthly rental 
cost, montks rented, transportation, erection and removal, 
moves, operation, and minor repairs. Some idea of the rental 
rates and tvhat they include may be obtained from Appendix C. 
In some special cases, rental costs include all costs; in other eases, 
the rental costs may or may not include such items as operating 
costs, vages of operator, minor (as rreh. as major) repairs and, 
transportation, 

Bentals are usually quoted by the month. The rental cost is 
found by multiplying the monthly rental rate by the total time in 
months that the equipment is held available for the job. Bent- 
als are usually based on one shift per day, the usual shift being 
8 hr. or less. Bental prices are increased tthen machines are 
operated more than 8 hr. per day or tthen more than one shift is 
used. The rental rate for the second shift is about 50 per 
cent of that for the first shift. 
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Sometimes the rental rates are based on the ownership costs 
according to the method suggested by the Associated General 
Contractors. Note that in such instances, an allowance should 
be included for profit and also for any expense items other than 
those stated and which must be paid for by the owner. 

Small Tools . — On almost every construction job, the estimator 
must compute the costs of the small tools used as well as the 
costs of the larger tools and equipment. Such small tools are 
wheelbarrows, jacks, screws, dolhes, wrenches, hammers, sledges, 
picks, crowbars, hoes, mauls, hose, shovels, lanterns, robes, and 
saws. 

On most jobs, the various mechanics furnish aU their small 
hand tools. On such jobs, the contractor may need a chest of 
miscellaneous tools. When the contractor has to furnish aU 
the hand tools, the kind and number required must be estimated 
and their cost aUowed for. 

The “life” of s mall tools is usuaUy taken as one .year. Some 
tools wear out in a few months, and others may last several 
years. The losses due to breakage and disappearances are 
comparatively large. 

8. Apportionment of Costs. — ^There are several ways of appor- 
tioning or aUocating plant and equipment costs. For estimating 
purposes, cost computations are usuaUy based on time when find- 
ing total costs. Then unit costs, based on any desired unit, are 
found by dividing the estimated total costs by the number of 
imits. 

The estimator may use a monthly rate or a daily rate based on 
the entire time that the equipment is avaUable for the job. 
The daily rate may be for one or more shifts per day. Some esti- 
mators use hourly rates, basing these rates on the total time or 
on the operating time. Other estimators use two hourly rates, 
one when the equipment is idle, and the other when the equip- 
ment is operating. Any particular method is satisfactory pro- 
vided that aU cost items are included. 

After the total plant and equipment costs for the job and for 
each kind of work have been estunated, the desired umt costs 
may be computed. WUen any piece of equipment is used on 
two or more tin rig of work, the cost for each kind of work should 
be estimated. An example of the use of equipment for more 
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1 11311 one purpose 'ivould be tbe use of a lonrer and noisi in 
building eonsmiciion for boisiing the eoncrete. the brieh, the 
lumber, and Tarious other materials. 

There are many imit costs that are need by estimators. Some 
of these are east per hour, cost per idle hour, cost per operaiing 
hour, cost per square foot of floor or other area, cost per cubic 
foot of space, cost per cubic yard, cost per square yard, cost per 
square of 100 sq. ft. of area, cost per 1,000 biieh, tile, or bloch, 
cost per 1.000 ft. b-m. for lumber, cost per pound or per ton for 
steel, cost per nature as for plumbing, cost per outlet as in elec- 
ndea] ttorh, and cost per radiator as in steam and hot-trater 
heating, hlany of the Tarious units hare been mentioned in 
this test. 

9- Procedure in Esrimaiing ConstmctiDn Plant. — The pro- 
cedure to be foUotred trhen es ti mating construction plant and 
equipment may be summ a rised as foUotrs: 

1. llsit site. 

2. ‘Visualise tvorh. 

3. Select equipment. 

4. Plan arrangement or layout. 

5. Estimate time required, total, idle, and operating. 

6. Estimate plant costs. 

7. Chech TTorh. 

S. Eepeat procedure tor each of other possible pracrical ■olant 
designs. 

9. Compare costs of dinereni plant designs, and select most 
desirable design. 
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1. Overhead. — Overhead costa may be said to include all the 
general costs of maintaining a contracting business plus such 
job costs as are not included in materials, labor, and equipment 
costs. Overhead costs are usually di'-dded into general over- 
head, such as ofnce and yard costs, and job overhead. 

General overhead costs include the costs oi maint ainin g an 
office, shoD. and yard in v.'hich to do business, tsuch expenses 
are continuous, though they may varv* somewhat with the 
amount of business done or tvith the number and size oi the jobs. 

Job-overhead costs are the overhead costs that vary with and 
are caused directly by the incii>‘idual joDs. 

Overhead costs are increasing and may be erq^ected to increase 
for some vears to come because of the social-secunty tax increases 
and because of the tendency of more states to require more and 
greater nrotection for the workmen especially in regard to com- 
pensation and personal liability. 

2. General Overhead.— General overhead costs may be 
diffided into general office, shop, and yard co=ti. The general 
overhead costs may var>' from almost nothing, as for a smaU 
contractor vrho maintains no office, up to S to 15 per cent oi the 
total business done. Average percentages may vary from about 
2 to 8. The following lists will give an idea of the various items 
that may be included in general overhead costs. Almost any 
job wiU include several of these items, though no one ]ob may 
include all of them. 


G21.-S 


Rent 

Heat 

light 

Telephone 

Telegraph 

Stationery and snpphss 
Furniture and Sxtures 


0?2ic3 Costs 
Interest 
Taxes 

Salaries of general oScers 
WagGS of esxirnators 
Wages of draftsmen 
Wages of clerks 
Wages of stenographers 


P IT. 
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Some of the kinds of insurance 

are as follows: 

General 

Miscellaneous 

Workmen's liability 

Automobile 

Public liability 

Vehicle 

Property damage 

Boiler 

Fire 

Wind 

Windstorm 

Rain 

Owner’s contingent 

Flood 

Contractor’s contingent 

Earthquake 

Workmen’s compensation 

Plate glass 

Old age 

Theft 

Unemployment 

Pay roll 

Social security 

Forgery 

Structure 

Elevator 

Various contingencies 

Use 

Occupancy 


Interest . — On most construction jobs, there may be interest 
payments, which payments should be included in the overhead. 

Taxes . — If the contractor, instead of the owner, is required to 
pay taxes on a structure (say an office building, for example) dur- 
ing the construction period, such taxes should be included as an 
overhead cost. 

Contingencies . — On practically every construction job, there 
will be certain cost items that were not foreseen (and in some 
cases could not be reasonably predicted) when the estimates were 
prepared. Most contractors include an allowance for contin- 
gencies in their estimate of overhead costs. On ordinary jobs, 
the percentage allowed for contingencies may be comparatively 
small. 

4. Apportionment of Overhead. — ^There are various ways of 
apportioning the general overhead costs to the various jobs. 
No doubt the best way would be to charge the actual costs to 
each job, provided that such costs could be accurately estimated 
in each case. 

The more common methods are to divide general overhead 
costs among the various jobs according to the estimated costs 
(materials, labor, and equipment) of the jobs or according to the 
estimated labor costs. In these methods, a certain percentage is 
added to the sum of the costs of materials, labor, and equipment, 
or to the labor cost, to care for the overhead costs. The per- 
centage allowed is based on past costs and experiences and also 
to some extent on the probable business for the current year. 
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In some instances, estimators have divided the general over- 
head costs according to the number of jobs. In other instances, 
estimators have estimated the overhead costs according to the 
length of time required to complete a particular job. 

The job-overhead costs may be es t imated in detail and included 
vith the estimates of materials, labor, and equipment trhen pre- 
paring the total estimated cost. Though this method is, per- 
haps, the most accurate method, the tvro common methods are 
to use selected percentages and to base the job-overhead costs 
either on the sum of materials, labor, and equipment costs, or 
else on labor costs alone. When selecting the percentages, 
consideration is ^ven to such things as the kind of job, magnitude 
of TTork, probable diSculties to be encountered, and costs on 
previous jobs. 

ilany contractors do not divide their overhead costs into 
general- and job-overhead costs, but consider all overhead costs 
together. Then, for any particular job, they allotr either a 
selected percentage of the sum of materials, labor, and equipment 
costs, or a percentage of labor costs alone. The percentage may 
vary from about 5 to 25 of the sum of materials, labor, and equip- 
ment costs, or from about 10 to 50 of labor costs alone. 

5. Bonds. — There are many types and kinds of bonds. Only a 
fetv of the more common ones vill be brieSy described in this 
article. Unless othervtise sx}ecined, the contractor vtill be 
expected to nay the cost of the bonds. Such costs should be 
included in his overhead costs. 

Bid Bond . — A bid or proposal bond is a bond submiued by the 
contractor Trith hi^ bid as evidence that he ■nill enter into the 
contract if the contract be tendered to him. Such a bond may 
take the place of a certined check. When the contract is sm arded 
to a particular contractor, his bid bond or certined check is held 
iiTtril he signs the contract and submits his contract or penorm- 
ance bond. Then the bid bond or certified check is returned to 
him The cost of a bid bond is nominal, usually being about $5. 

Cordract Bond— A. contract or performance bond is a bond 
submitted by the contractor after he has signed the contract. 
The nurpose of such a bond is to guarantee the faithful ful fillm ent 
of the contract by the contractor. Contract bonds are of tv>o 
kinds, construction and material supplj"- These bonds are 
sometimes called surety or gua r a n tee bonds. 
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A construction bond guarantees the faithful performance of 
the construction work by the contractor. The amomit of the 
bond may vary from about 20 to 100 per cent of the contract 
price. The cost or premium of such a bond varies from time to 
time and also with the kind of work. The premium is usually 
based on the contract price rather than upon the amount of the 
bond. For ordinary construction work, which may be com- 
pleted in about 2 years or less, the premium is about 1.5 per cent 
of the contract price. For longer times, an additional premium 
of about 0.75 per cent per year is charged. The premium for 
street and highway work varies from about 0.75 to 1.5 per cent 
per year. Probably a premium of about 1 to 1.5 per cent per 
year would be the average for most work. 

A material supply bond is given by a material dealer to ensure 
the proper deliveries of materials in regard to time, quantity, and 
quality. The premiums on these bonds may vary from about 
0.25 per cent of the contract price for materials delivered from 
stock to 0.75 per cent for materials specially designed or ordered. 

Maintenance Bond . — Sometimes the contractor is required to 
maintain the building, pavement, or other structure for a period 
of time after its completion. The maintenance bond is submitted 
by the contractor as a guarantee that he will care for the mainte- 
nance work needed. The premiiun on a maintenance bond may 
be computed on the contract price or upon the value of the bond. 
When based on contract prices, the premium rates may vary from 
about 0.15 to 0.75 per cent. 

Fidelity Bo?id . — ^A fidelity bond is one given by an employee to 
his employer to protect the employer from loss of money through 
any negligent action of the employee. Each employee who may 
be required to handle any considerable sum or sums of money 
should be placed under bond. The premium for a fidehty bond 
is nominal. This premium is usually paid by the employer and 
included in his overhead costs. 

6. Insurance. — ^Insxuance can be secured to cover practically 
every operation, condition, or risk in almost every kind of con- 
'^truction work. The different kinds of insurance and the amoimt 
of each kind will depend upon the conditions of the particular 
job, the law, the contract requirements, and upon the desires 
and experiences of the contractor. The estimator should deter- 
mine the kinds, amounts, and other details of the kinds of insur- 
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ance required by law in the state or locality in which the particu- 
lar construction work is to be done. 

A number of different kinds of insurance are listed in Art. 3 
of this chapter on Job Overhead. The estimator should consult 
a reliable insurance agency for information concerning correct 
insurance rates for the locality in which any particular job is 
located. 

Xo attempt will be made in this article to describe all the 
kinds of insurance that may be secured. Onl}’- a few of the more 
common kinds of insurance will be briefly described. 

Workmen's Compensation Insurance. — ^The rates charged for 
this insurance are based upon the pay roll and vary in different 
states, for different kinds of work, at different times, and for 
different contractors. Base rates in force on Apr. 1, 1946, are 
given in Appendix E. Xote that these base rates vary from 
about 2 per cent or less for electric wiring up to as much as 28 
per cent for structural-iron and steel erectors in Xew York, and 
up to 28 per cent for workers wrecking buildings in Wiscon- 
sin. The contractor should be careful to classify his workmen 
correctly. 

Social Security, Old-age Retirement, and Unemployment Insur- 
ance. — Contractors are in general subject to the Federal Social 
Security- Act, the Federal Unemplojonent Tax Act, and also to 
various state laws and regulations. 

Under the Social Security Act, assessments are made on the 
wages paid the workmen. The employer pays part and the 
workmen part. The assessments against the emploj’er in 1946 
are 1 per cent of all wages paid. The assessments against the 
emplojme in 1946 are 1 per cent of aU wages paid, the assess- 
ments being deducted from the employee’s wage. 

These percentages apply to all salaries and wages paid employ- 
ees up to a total of S3, 000 per year per person. 

iMany states also levj* pay-roll taxes. The rates vary in 
different states. In many states, part of such state taxes may 
be credited against Federal Social Security Taxes. 

Employed s Liability Insurance. — ^This is insurance taken out 
by the contractor or employer to care for his liability in regard to 
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accidents and injuries to employees. The rates are usually 
based on the pay roll and vary for different occupations and 
from time to time. The minimum limits are usually .$5,000 per 
person and $10,000 per accident when two or more persons are 
involved. Higher limits are often desirable. 

Public Liability Insurance. — ^This insurance is taken out by the 
contractor as a protection from loss caused by accidents to any 
person or persons not in his employment. The rates may vary 
with the pay roll, kind of structure, policy limits, and amount of 
policy. Minimum limits are usually the same as for employer’s 
liability insurance. When based on pay roll, the cost may vary 
from about $0.25 to .$0.50 per $100 of pay roll. 

Automobile and Vehicle Insurance. — If a contractor owns and 
operates automobiles, trucks, and other vehicles, he should take 
out insurance covering these vehicles and their operation. Rates 
may vary from about $25 and up per vehicle, depending on the 
conditions in the particular policy selected. 

Property-damage Insurance. — ^The contractor on some jobs 
should take out insurance against claims arising from possible 
damage to other property. Such insurance is especially desirable 
when the proposed work may cause damage to an adjoining 
structure, such as damage caused by the settlement of the founda- 
tions of a structure on an adjoining lot when the excavation is 
made for a new building. The rates for property-damage insur- 
ance will vary with the risks involved. 

Contingent Insurance. — Contingent insurance may be taken 
out by the contractor to protect the owner during the construc- 
tion period. Such insurance is called owner's contingent insur- 
ance. Rates are usually based upon the kind and cost of the job. 

Another kind of contingent insurance is that, taken out by the 
contractor to protect him from claims resulting from any acts of 
his subcontractors. This insurance is called contractor’s con- 
tingent insurance. Rates are usually based upon the Idnd and 
cost of the job. 

Fire Insurance. — ^The fire insurance should cover the structure 
itself (if inflammable), scaffolding, sheds, temporary structures, 
and all materials, equipment, and tools on the property either 
in the structure, in temporary structures and sheds, or upon the 
lot. Fire insurance may cost $0.30 to $0.70 per year per $100 
of valuation. 
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TI ind and Rain Insurance . — Such insurance, often called 
tornado or ^\■ind5torm insurance, should be carried if there is 
any possibility of the structure being damaged by wind and rain. 
Rates for this kind oi insurance are usually less than fire-insur- 
ance rates. 

Structure or Blanket Insurance . — Some insurance companies 
issue what is known as structure or blanket insurance in which 
one policy covers all the protection required, and which formerly 
required several policies of various kinds. When taking out- 
structure or blanket insurance, the contractor must mform him- 
self of all the different hazards covered and the amoimts. Rates 
for blanket insurance are usually appreciably less than the sum 
of the rates for the different kinds of insurance considered 
separately. 

7. Profit. — ^The amount of profit is usually expressed as a per- 
centage of the sum of the estimated costs of materials, labor, 
equipment, and overhead. The percentage allowed for profit 
will varj* according to the kind of the job, the amount Luvolved, 
and the tune required for completion. Usually a larger per- 
centage is allowed for smaller and more hazardous jobs. The 
percentage allowed for profit ^ill also depend upon the con- 
tractor’s desire for the panicular work, what he thinks is fair, 
and what he thinks he can get. 

The percentage allowed for profit may vary from about 5 to 25 
per cent. For small-sized and hazardous jobs, 20 to 25 per 
cent may be used; 15 to 20 per cent for jobs of medium size and 
which are somewhat less hazardous; 10 to 15 per cent for large 
jobs when the hazards are not great; from 5 to 10 per cent for 
very large jobs when the hazards are small. 
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COMPLETE ESTIMATES 

1. Complete Estimates. — ^A complete cost estimate, especially 
from an owner’s viewpoint, contains many items other than those 
included in the main and subcontracts. Many people think 
that the total cost of a structure, say an office building for exam- 
ple, includes only the costs of the land and of the main and 
subcontracts. There are many other cost items that may be 
included. 

A discussion of the costs of several of these items is given in 
the following articles of this chapter. An attempt has been 
made to include all the main items in the discussion. However, 
there may be jobs on which other items should be included. 
Likewise, on many jobs all items mentioned may not be included. 

2. Land. — There are several items of cost other than the first 
cost or price of the land, which an owner may be required to pay. 
The cost of the land will include one or more of the following 
items : 

Eirst cost. Price paid to former owner. 

Real-estate commissions. These are usually, but not always, 
paid by the seller. 

Survey. A survey of the land by a responsible land surveyor is 
often advisable to determine if the actual boundaries agree vdth 
those given in the deed. 

Deed. The deed should be examined by a competent lawyer 
to see if it has been correctly drawn. 

Title investigation. Frequently, the seller is required to pro- 
vide an abstract of title or other proof of ownership or title to 
the land. This abstract should be examined by a competent 
lawyer to see if it is correct and if the seller has a clear title to 
the land and can transfer a clear title to the buyer. 

Zoning. Check on zoning restrictions, if any. 

Back taxes. Determine if all regular taxes have been paid. 

Special taxes. Such as sewer, water, and street-improvement 
taxes. Determine number and amount of installments to be paid. 

464 
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3. Legal Expenses. — On practically every construction job, 
except possibly the sma l lest and simplest, the owner should have 
a competent lawyer examine and pass on all contracts and agree- 
ments before the owner signs them. Legal advice is important 
on all items that may involve possible litigation. The owner 
often retains the same lawyer, or firm of lawyers, to look after 
all the legal aff a irs connected with any particular construction 
job. 

4. Architectural and Engineering Fees. — These fees are often 
divided into two parts, one for the preparation of designs, plans, 
and specifications, and the other for supervision during construc- 
tion. The fees charged for designs, plans, and specifications 
may range from about 2 to 12 per cent of the estimated cost 
of the structure, depending upon the work involved. The fees 
charged for super^dsion of the work during construction may 
vary from 2 to 15 per cent, depending on the particular job and 
the amount of supeivision (general or detailed) desired. 

5. Main Contract. — Sometimes the main contract includes all 
the work of construction. On other jobs, only the general or 
TTiai'n parts of the job are included and subcontracts are let for 
the specialized work. For example, on a building job, the main 
contract may include all the work to be done by the general and 
subcontractors, or it may include only the work to be done by 
the general contractor. The owner should know what work is 
to be done by the main or general contractor and what work by 
each of the subcontractors. He must also know whether or not 
the general contract includes work by the subcontractors. 

6. Subcontracts. — On many construction jobs, the specialized 
work is let to qualified subcontractors. These subcontractors 
may work under the general contractor and be responsible directly 
to him^ or they may not be imder the main contractor but may be 
responsible directly to the architect, engineer, owner, or otvner’s 
agent, as the case may be. 

For example, in the construction of a b uildin g, subcontracts 
may be let for the plumbing, heating and air conditioning, electric 
wiring, and painting and decorating. 

For another example, in the construction of a bridge a sub- 
contractor may build the foundations and piers, another may 
build the approaches, and the main contractor constructs the 
bridge on the prepared foundations. 
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7 . Estras. — On practically every job, there vill be some extras 
and contingencies that are not covered in the main and sub- 
contracts. These contracts usually include clauses in regard to 
extras and their cost. On many construction jobs, the extras 
may cost 2 to 10 per cent or more of the sum of the mairi and 
subcontracts. Consequently, the ormer should consult vith 
his architect and en^neer and make a reasonable allowance for 
extras for the particular job. 

8. Permits and Inspection Fees. — On many jobs, permits 
must be obtained for doing certain kinds of rrork and for making 
connections such as for vater and electricity. Many kinds of 
construction vrork require inspections by various government, 
state, and local omcials and inspectors. 

The cost of all permits and inspections tdll be usually charged 
against the ovner, and he viU be required to paj’’ them 
provision for their payment by the contractors concerned is 
provided for in the main and subcontracts. 

9. Surely Bonds. — On most large jobs, each contractor is 
required to give a surety bond for the successful completion of his 
vrork according to the contract and speeiScations. The indi- 
vidual contractors are usuallj^ required to pay for these bonds. 
Honever, if the contract in question does not state that the 
contractor is to pay the premitim, the contractor ma 3 - pay it and 
add the cost as an extra. 

10. Financmg. — IMien the owner does not have sumcient 
funds available to paj- for the entire costs of construction, he 
must make arrangements to obtain the needed funds from some 
other source. The bank, trust company, or finance company 
involved usualh* makes a charge for the service of securing the 
necessarj^ funds. This charge usuallj' ranges from about 2 to 
5 per cent of the funds provided, though the charge maj- be more 
in times .when money is difficult to obtain, when the amount 
required is more than about half to two-thirds the value of the 
job, when the owner's credit is bad, or when the apparent risk 
is greater. 

Sometimes the general contractor arranges for the nnancing as 
well as for the construction of the job. When t h is is the case, the 
general contractor includes a financing charge tvith his Lid. 

11. Insurance. — Though the contractors who do the v.ork are 
usualh’ required to pro’.dde aU insurance that mav" be deemed 
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neces^arj', the ov.ner ma^.' be aLo held responsible in rQan 3 '’ cases. 
Consequentlj', it maj’ be advisable for the ov.'ner to take out 
insurance, such as public liabilit;/. personal injury, fire, tornado, 
or property" damage, for his ov,-n protection. On a large building 
construction job, the cost of such insurance m&y be an appreciable 
item. 

12. Interest. — Interest charges during construction should 
always be allowed. When the time required is a v'ear or more 
and the amounts paid the contractors before the final completion 
of the job are large, the construction interest charges m&y be 
considerable. For example, if the rime required to construct a 
$1,000,000 building was 2 j'ears and the contractors received 
partial pajunents up to 90 per cent of the cost, the interest 
charges during the comtruction period would be approximately 
$33,000, by assuming interest rates at 5 per cent per annum. 

13. Taxes. — On practicaUj' eveiy' private construction job 
that extends over one tare assessing and pacing dme, some taxes 
will have to be paid. The amount of taxes, on a new building 
for example, will depend on the tax rate, the assessed valuation 
of the land, and the assessed valuation of the portion of the 
structure erected at the time the assessment was made. This 
particular valuation of the structure will include all materials 
actuall 3 '' installed in the structure and ma 5 ' or may not include 
part or all the materials dehvered at the site but not yet incor- 
porated in the structure. 

14. iliscellaneous. — On most large jobs, mere will oe a num- 
ber of miscellaneous expenses that an owner may have to pay. 
Some such items are stenographic services, transportation to and 
from the job for owner’s inspections, and entertainment (it the 
owner deems it necessary to entertain the architect, engineer, 
contractor, or others). Though not large, the sum total of 
such items should be allowed lor. 

15. Summary.— Tne items that may be included in a complete 
estimate may be summarized somewhat as follows: 

Land. 

Legal expenses. 

Architectural and engineering lees and commissions. 

IMaitt contract. 

Subcontracts. 

Extras. 
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Permits aud inspection fees. 
Surety bonds. 

Financing costs. 

Insurance, owner’s. 

Interest, during construction. 
Taxes, during construction. 
Miscellaneous items. 

Total. 



CHAPTER XX 


APPROXIMATE ESTIMATES 

1. Approsiniate Es tima tes. — ^The only safe and sure method of 
estimating costs is to take off the actual quantities of materials, 
judge the labor-hours required, and use the prevailing prices for 
labor and materials. However, many experienced estimators, 
when estimating the costs of certain types of structures, make 
use of short cuts or approximations (1) to obtain the approximate 
cost in a short time, (2) to check roughly the costs found by more 
accurate methods, and (3) to compare the costs of like structures 
erected at other times and places. 

Costs estimated by a short-cut or appro.ximate method are 
approximate only. Their value depends upon the judgment, 
skill, and experience of the estimator, upon the care with which 
the estimates are prepared, and upon the correctness of the 
prices used. 

2. Estiniatmg Building Costs by the Square Foot of Floor 
Area Method. — ^The method of estimating by the square foot of 
floor area is apphcable to such structures as office buildings, 
schools, mills, warehouses, factories, hospitals, churches, stores, 
residences, and garages. This method is useful in comparing 
the costs of different buildings of the same type or kind where 
the floor area is important, as in office buildings and factories. 
This method is also useful in determining the costs per person, as 
in schools, hospitals, and churches. 

There are several variations of the method for estunating 
bmlding costs by the square feet of floor area. One variation 
is to allow a certain price per square foot for each floor, including 
the basement, attic, and roof. Another variation is to use 
different unit cost prices for the basement floor, other floors, and 
roof. A third variation is to use different unit cost pnces for 
the different floors and have the price for the lower floor include 
the cost of the basement and foundations. The price for the 
upper floor should include the cost of the roof. A fourth method 
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is to use the same unit cost price for all usable floors, omitting 
the roof area or both the roof and basement areas. This fourth 
method is preferred by many estimators. Consequently, it is 
important to state just what is included in the unit cost price 
used in the estimate. 

The following illustrative example shows the effect on the 
computed cost per square foot by using the different methods. 

3. Illustrative Estimate. — A certain building is 40 by 60 ft. in size and 
consists of a basement; first, second, and third floors; and attic. The cost 
of the building was $44,270. 

Compute the cost per square foot of the building: 

1. Based on total area of three floors, basement, attic, and roof. 

2. Based on total area of three floors, basement, and roof, assuming base- 
ment to cost 0.60 per cent of the cost of the first floor, attic floor to cost 
0.40 per cent of the cost of the first floor, roof to cost 0.50 per cent of the 
cost of the first floor, and first, second, and third floors to have equal costs. 

3. Based on area of the three floors, assuming the cost of the first floor 
to include cost of basement and to be 1.60 times the cost of the second floor, 
and assuming the cost of the third floor to include cost of attic floor and 
roof and to be 1,90 times the cost of the second floor. 

4. Based on total area of the three floors only. 

Solxdions. — 1. 


2 . 


Basement area 
First-floor area 
Second-floor area 
Third-floor area 
Attic-floor area 
Hoof (horizontal) area 
Total 

Cost per square foot 


= 2,400 sq.ft. 

= 2,400 sq.ft. 

= 2,400 sq. ft. 

= 2,400 sq.ft. 

= ■ 2 , 400 sq. ft. 

= 2,400 sq. ft. 

= 14,400 sq.ft. 

= $44,270 = S3. OS 
14,400 


Basement area, equivalent = 2,400 X 0.60 
First floor 
Second floor. 

Third floor 

Attic floor, equivalent = 2,400 X 0.40 
Hoof, equivalent = 2,400 X 0.50 
Total equivalent area 


1,440 sq. ft. 
2,400 sq. ft. 
2,400 sq. ft. 
2,400 sq. ft. 

960 sq. ft. 
1,200 sq. ft. 
10,800 sq. ft. 


Cost per square foot, first, second, and third floors 

= $44,270/10,800 = $4.10 
Cost per square foot, basement = $4.10 X 0.60 = $2.46 
Cost per square foot, attic = $4.10 X 0.40 = $1.64 
Cost per square foot, roof = $4.10 X 0.50 = $2.05 



APPROXIMATE ESTIMATES 


471 


3. 


First floor, eqmvalent = 2,400 X 1.60 = 3,840 sq. ft. 

Second floor = 2,400 sq. ft. 

TMrd floor, equivalent = 2,400 X 1.90 = 4,560 sq. ft. 

Total equivalent = 10,800 sq. ft. 

Cost per square foot, second floor = -844,270/10,800 = -84.10 

Cost per square foot, first floor = §4.10 X 1.60 = -86.56 

Cost per square foot, third floor = -84.10 X 1.90 = 87.79 

4. 

First-floor area = 2,400 sq. ft. 

Second-floor area = 2,400 sq. ft. 

Third-floor area = 2,400 sq. ft. 

Total area, three floors = 7,200 sq. ft. 

Cost per square foot = -844,270/7,200 = 86.16 

4. Estimating Building Costs by the Cubic Foot of Volume 
Method. — ^The method of estimating building costs by the cubic 
foot of volume is more accurate, in general, than the method of 
estimating costs by the square foot of floor area. Buildings of 
different types and different kinds of construction require differ- 
ent cost prices per cubic foot. 

The best way of estimating costs by the cubic-foot method is 
to find the total volume of the b u ild i ng in cubic feet, and multiply 
this volume by a selected price per cubic foot for this particular 
class and type of budding. 

Another way is to use a certain umt cost per cubic foot for the 
parts of the building that are more expensively finished, and to 
use lower prices for the parts that are more cheaply or less com- 
pletely finished. For example, in a residence one unit price 
would be used for the basement, attic, and attached garage, and 
another tmit price for the living room, dining room, kitchen, and 
bedrooms. 

A third way is to consider only half or two-thirds of the volimte 
of the basement, attic, and attached garage, when computing 
the volume of a residence, and then to use the same cost pnce per 
cubic foot for all parts of the building. 

The American Institute of Architects, Washin^on, D. C., m 
the A.I.A. Document 239, recommends the following: 

The cubic content (cube or cubage) of a building is the actual 
cubic space enclosed within the outer surfaces of the outside or 
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enclosing walls and contained between the outer surfaces of the 
roof and 6 in. below the finished surfaces of the lowest floors. 

The preceding definition requires the cube of dormers, pent- 
houses, vaults, pits, enclosed porches, and other enclosed append- 
ages to be included as a part of the cube of the building. It does 
not include the cube of courts or light shafts open at the top, or 
the cube of outside steps, cornices, parapets, or open porches or 
loggias. 

The following items shall be listed separately: 

1. Cube of enclosed courts or light shafts open at the top, • 
measured from outside face of enclosing walls and from 6 in. 
below the finished floor or paving to top of enclosing walls. 

2. Cube of open porches measured from outside face of wall, 
outside face of columns, finished floor, and finished roof. 

It is recommended that the following items also be listed 
separately: 

a. Square feet of area of all stoops, balconies, and terraces. 

b. Memoranda, or brief description, of caissons, piling, special 
foundations, or features, if any. 

The following illustrative example shows how the costs per 
cubic foot may be found by two methods. The first method is 
recommended. 


6. Illustrative Estimate. — A certain building is 40 by 60 ft. in size and 
consists of basement; first, second, and third floors; and attic. The heights, 
including floor thicknesses, are 8.5, 10, 9, and 9 ft. for the basement, and 
first, second, and third floors, respectively. The average height of the 
attic is 7.5 ft. The cost of the building was 844,270. 

1. Compute the cost per cubic foot based on the total volume of the 
building in cubic feet. 

2. Compute the cost per cubic foot, allowing 60 per cent for the basement, 
full value for the three stories, and 50 per cent for the attic. 


Solution. — 1. Cubical contents: 


Basement = 40 X 60 
First floor = 40 X 60 
Second floor = 40 X 60 
Third floor = 40 X 60 
Attic = 40 X 60 

Total 


X 

8.5 

= 20,400 

cu. ft. 

X 

10 

= 24,000 

cu. ft. 

X 

9 

= 21,600 

cu. ft. 

X 

9 

= 21,600 

cu. ft. 

X 

7.5 

= 18,000 

cu. ft. 



= 105,600 

cu. ft. 


Cost per cubic foot = 844,270/105,600 = 80.42 
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2. Equivalent cubical contents: 

12,240 cu. ft. 
24,000 cu. ft. 
21,600 cu. ft. 
21,600 cu. ft. 
9,000 cu. ft. 
SS,440 cu. ft. 

Cost per cubic foot, based on allowances given. 


Basement = 40 X 60 X 8.5 X 0 60 = 

First floor = 40 X 60 X 10 = 

Second floor = 40 X 60 X 9 = 

Third floor = 40 X 60 X 9 = 

Attic = 40 X 60 X 7.5 X 0.50 = 

Total equivalent = 


= $44,270, 88,440 = $0.50 


6. Panel Method for Buildings. — ^In the panel method of 
estimating btiilding costs, the costs of each kind of the “panels^ 
(wall and floor) are computed separately, and then these costs 
are multiplied by the respective number oi panels oi each kind. 
There are about as many variations of the panel method as there 

are different kinds of buildings. 

The panel costs usuaUy include the items of materials, labor, 
and equipment. Heating and air conditioning, plumbing, wiring, 
painting and decorating are added later as separate items, though 
painting and decorating may be included in the panel costs. 
Overhead and profit for the whole structure are usuaUy added 
later as separate items. However, when dealing with some 
customers, it may be advisable for the contractor to include the 
overhead and profit when computing his panel costs. Then the 
customer may be shown how the numbers of different 
panels are found, and how these numbers are muluphed by 
their respective costs. In this way, the customer does not know 
what the charges are for overhead and profit, unless the contrac- 
tor shows how the details of the umt panel costs are prepar . 

Some estimators think the panel method is better than the 
square-foot-of-floor-area method or the cubic-foot-oi-yolume 
method because the panel method takes mto consideration t e 
variations in the ratios of fioor and roof areas to wall areas that 
practically always occur with change* in the shapes an ..izes o 


buildings. r 

7. Panel Method for Residences and Small Bmldmgs of 

Frame Construction.— The panel method for estimatmg bmldmg 

costs may be applied to residences and other smaU 

frame construction by obtaining the cost per square foot, or pe 
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square of 100 sq. ft., for the floors (basement, first, second, attic, 
etc.) and for the roof, allowing for such things as the overhang, 
eaves, and valleys. For the exterior walls and partitions, the 
costs may be computed per square foot or per square of 100 sq. 
ft. of wall area. However, for wooden-frame construction most 
estimators prefer to consider a wall panel as the area whose 
width is equal to the distance center to center of studs (usually 
16 in.) and whose height is equal to that of one story, often from 
8 to 10 ft. There are several ways of allowing for the windows 
and doors in the wall panels. The simplest way is to compute 
the cost of a plain wall panel and add certain amounts for each 
mndow and door. Another way is to compute the cost of a wall 
panel containing a window or a door, as the case may be. 

For a wooden-frame building, such as a residence, the following 
kinds of panels may need to be considered: 

Basement-floor panel, usually concrete. 

First-floor panel, finish flooring, paper or felt, rough flooring, 
joists and bridging, lath and plaster. 

Second-floor panel, finish flooring, paper or felt, rough flooring, 
joists and bridging, lath and plaster. 

Attic-floor panel, rough flooring, insulation, joists and bridging, 
lath and plaster. 

Roof panel, roofing (shingles), paper, sheathing, rafters, insula- 
tion, and allowances for eaves, metalwork, etc. 

Basement wall panel, usually concrete, furring, lath and plas- 
ter (if any), mndows, doors, etc. 

Exterior plain wall panel, siding, paper, sheathing, insulation, 
studs, lath and plaster, baseboards, molds, etc. 

Exterior wall panel with window, same as for exterior plain 
wall panel with allowance for window and trim. 

Exterior wall panel with door, same as for exterior plain wall 
panel with allowance for door and trim. 

Interior plain wall or partition panel, usually two layers of lath 
and plaster, studs, baseboards, molds, etc. 

Interior wall or partition panel with door, same as for plain 
interior panel with allowance for door and trim. 

For a brick veneer over a wooden frame, the exterior panels 
would include brick instead of siding. 

For a stucco exterior on a wooden frame, the exterior panels 
would include lath and stucco instead of siding. 
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Wall panels confaining doors and ■windows usually cost more 
than plain •wall panels. 

Items such as stairs, steps, and porches must be added as 
separate items. 

When the cost for each kind of panel is known, it is only 
necessary to count the number of panels of each kind and com- 
pute the total costs. For estimating residences, it is usuaUy 
advisable to include overhead and profit in the panel costs. 
Painting and decorating, heating, plumbing, -wiring, and electric 
fixtures are usually added as separate items. 

The contractor can prepare cost estimates for typical wall, 
floor, and roof panels of different kinds of construction, using 
different kinds and qualities of materials, and then can use these 
panel costs when preparing preliminary estimates for customers. 
Changes in the prices of materials and in wages must be allowed 
for as they occur. 

8. Panel Method for Industrial and Commercial Buildings. — 
The panel method may be used for large buildings such as ware- 
houses, factories, and office buildings of different kinds of 
construction such as wooden-mill construction, steel-mill construc- 
tion, steel-frame buildings, and remiorced concrete construction. 

The panel estimate may be divided into the following items: 

1. Columns. Including founda'tions and necessary excava- 

tion. 

а. Exterior. 

б. Interior. 

2. Floors. Including basement floor and e.xcavation. 

3. Roof. 

4. Trusses. Such as roof trusses. 

5. Exterior walls, including doors and ■windows. 

Q. Basement- walls, including lootings and exca-v ation. 

6. Wall panels for each story above basement. 

c. Parapet walls, as around roof. 

6. Interior or partition walls, including doors. 

7. Stairs and stair walls. 

8. Elevators. 

9. Heating and air conditioning. 

10. Plumbing. 

11. Electrical work. 
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12. Sprinkler systems (if any). 

13. Painting and decorating. 

14. Cbntingencies. 

15. Orerhead. 

16. Profit. 

17. Snmmarj’- or total estimate. 

When preparing the estimate, the iiems listed need not neces- 
sarily be taken in the order given. Some items may be omitted 
or combined tvith others, and other items added as desired. 

Por example, in estimating the cost of a ttvo-story and base- 
ment warehouse, 60 b^’’ 100 ft. in area ttith colnmns spaced 20 ft, 
on centers, there may be 

16 exterior columns. 

S interior columns. 

15 basement-floor panels. 

15 first-floor panels. 

15 second-floor panels. 

15 roof-floor panels. 

16 exterior-basement-vall panels. 

32 exterior-tvall panels. 

16 parapet-vaU panels. 

IS partition-Trall panels. 

/ sets of stairs. 

1 elevator. 

1 sprinkling s^'stem for three floors. 

Some of the floor panels may be modified because of stairs and 
elevator. -Allowances must be made for heating, ventilation, 
plumbing, electrical work, painting, and other items and con- 
tingencies as required by the plans and specifications. Overhead 
and profit must be included. 

9. Bay Method for Buildings. — When a building consists of 
several equal bays, the cost of the building may be estimated by 
estimating the cost of one bay and then multiplying this cost by 
the number of bays. 

Allowances must be made for end walls, entrances, and other 
items that are not included in a typical bay, Por example, an 
exterior corner bay will have two exterior walls, an exterior side 
bay win have one exterior wall, all bays may have one or more 
interior walls or partitions, some bays may have stairs and stair 
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Tvalls, and some may contain elevator shafts. Special items not 
included in a typical bay may be roof trusses, other trusses or 
girders, elevators, extra columns and beams, and also any omis- 
sions of columns, beams, and slabs. 

The bay method of estimating buildings is usually not so 
accurate as the panel method but may be more accurate than the 
square foot of floor area or cubic foot of volume methods. 

10. Comparative Costs. — When comparing unit- costs of struc- 
tures, consideration must be given to the use of the structure 
(bridge, residence, store, warehouse, etc.), Mnd of construction 
(truss bridge, wooden-frame residence, steel-frame building, 
remforced concrete building, etc.), quality of construction 
(cheap, medium, good), locality (city, village, coimtry, eastern, 
southern, etc.), and year and time of year. If the classification 
idea is carried farther and buildings only are considered, the 
buildings may be classified as follows: 

Use or occupancy. Residence, apartment, store, warehouse, 
office, school, hospital, theater, garage. 

Kin d of construction. Wooden frame, siding, brick or stone 
veneer, stucco, steel frame, reinforced concrete, steel miU, 
wooden mill, brick, stone, etc. Insulated, noninsulated. Tire- 
proof, fire resisting, semi-fire resisting, non-fire resisting. 

Quality of construction. Cheap, medium, good, very good. 

Foundations. Kin d of soil, soft, medium, hard, loam, sand, 
gravel, rock, under water. Simple or combined footings, mat 
or raft foundations, bearing or sheet piling, piers, open well or 
caisson. 

Location. City, village, country, eastern, western, southern, 
northern. Wet, medium, or dry climate. 

Time. Year. Summer or winter. 

Other kind^ of structures may be classified in somewhat simil ar 
ways. 

The unit on which the comparative costs are based must be 
suitable for the kind of structure considered and the use to which 
the structure is to be put. Some examples follow: 

Bridges, span in feet. 

Pavements, area in square yards. 

Excavation, cubic yards. 

Concrete, cubic feet, or cubic yards. 

Buildings, square feet of floor area or cubic feet of volume. 
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Schools, per pupil, per square foot of floor area. 

Office buildings, per office, per room, per square foot of rent- 
able floor space. 

Apartment buildings, per apartment, per room, per square 
foot of floor area, per cubic foot of volume. 

Theaters, per seat. 

Stadium, per seat. 

Grain elevators, per bushel of capacity. 

Storage warehouse, per cubic foot of storage space. 

Alanufacturing buildings, per unit of daily output, per square 
foot of available floor space. 

Automobile factory, per car. 

Power plant, capacity in horsepower or kilowatts. 

Hospitals, per bed. 

Hotels, per room. 

Store, per square foot of rentable floor area. 

11, Range of Unit Costs. — Unit costs vary greatly for different 
buildings. For residences, the cost per room may range from 
about SSOO for a cheaply constructed frame dwelling, to 81,200 
to 82,100 for medium construction with insulated walls, to about 
87,000 for the finest construction with insulated masonry walls, 
largCi rooms, plate-glass Avindows, special wood trim, special 
painting and decorating, elaborate plumbing fixtures, and heating 
and air-conditioning plant with separate room controls. For 
apartment buildings, the cost per apartment may vary from 
about 82,500 to 813,000, depending on the number of rooms in the 
apartment, size of rooms, and quality of construction. The 
cost per room may range from about 81,200 to 82,500. For 
hotels, the cost per room may range from about 81,500 to 84,000, 
depending on the kind of construction, size of building, and space 
allowed for offices, lobby, dining room, etc. The cost per seat 
in a theater or auditorium may range from about 860 to 8400. 
The cost of a school per pupil may range from about $200 to 
81,300 depending on the kind and quality of construction and the 
space allowed per pupil. For an office building, the cost per 
room may range from 8900 to 82,100, depending on the kind and 
quality of construction and the size of the rooms. The cost per 
seat in a stadium may range from about 83 to 840, depending 
upon the kind of construction, the cheaper price being for con- 
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struction on a hill side or the sides of a valley, and the higher 
price for a structure built above the ground level and of steel or 
reinforced concrete with exterior walls of brick, for example. 

Panel Costs . — The cost per panel for a two-story and attic 
wood-frame residence may range about as follows: 


Basement-wall panel, 16 in. by S ft S 6-S14 

Outside-wall pane!, plain, 16 in. by 9 ft 6- 15 

Outside-waU panel with window, 16 in. by 9 ft 11— 27 

Outside-wall panel with door, 16 in. bj’ 9 ft 13— 33 

Inside-wall panel, plain, 16 in. by S ft. 6 in 5- 11 

Inside-waU panel with door, 16 in. by S ft. 6 in 9—21 

Basement floor, concrete, per square of 100 sq. ft.. . 18— 40 

First floor, per square, 100 sq. it 40-100 

Second floor, per square, 100 sq. ft 40-105 

Attic floor, per square, 100 sq. ft 35- 70 

Roof, per square, 100 sq. ft., horizontal projection. . 35-100 


Outside-wall construction consists of 2 by 4 studs, lath, plaster 
and trim on the inside, and insidation (sheathing) paper and wood 
siding on the outside. Painting is not included. 

Inside-wall construction consists of 2 by 4 studs with lath 
plaster and trim on each side. 

First floor consists of joists, bridging, rough flooring, paper 
or felt, flnish flooring. 

Second floor consists of joists and bridging, lath and plaster 
below, and rough flooring, paper or felt, and finis h flooring above. 

Attic floor consists of joists and bridging, lath and plaster 
below, insulation, and rough flooring. 

Roof consists of rafters, sheathing, paper, and asphalt shingles. 

Painting and decorating, heating, plumbing, and electrical 
work are not included. However, labor, materials, equipment, 

overhead, and profit are included. 

Square-foot Costs.— The costs per square foot of floor area for 
buildings wiU vary greatly, depending on the kind of bunding, 
method of construction and quality of construction. The cost 
per square foot is usually found by dividing the total cost by the 
total floor area. The total floor area is found by finding the 
area of one floor, using outside dimensions of walls, and multiplj - 
ing by the number of floors. No deductions are made for 
openings. 
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Approximate costs (1946) may range as follows: 


Cost per 

Kind of Building Square Foot 

Frame residences, cheap construction S 4-$ 7 

Medium construction 8- 12 

Good construction 12— 17 

Very good construction 18- 26 

Apartment buildings, medium construction 4- 8 

Good construction 8- 12 

Office buildings 6- 12 

Stores 5- 10 

Bank buildings 9- 18 

Schools 4- 10 

Industrial buildings 

Steel mill, 1 or II 2 stories 2- 5 

Wooden mill, 2 to 6 stories 3— 8 

Steel frame, multistoried Z- 10 

Reinforced concrete frame, multistoried 3- 10 


These costs per square foot of floor area are verj’- approximate. 
They 'will vary considerably with buildings of different shes, 
shapes, kinds of construction, quality, locality, and time. 

Cubic-foot Costs . — ^Building costs per cubic foot vary greatly, 
depending on the kind of building and methods and quality of 
construction. The number of cubic feet are usually computed 
according to the method recommended by the American Institute 
of Architects and described previously in this chapter. 

Approximate building costs (1946) may range as follows: 


Kind of Building Cost per Cubic Foot 

Frame residences, cheap construction S0.25-$0.40 

Medium construction 0.30—0.50 

Good construction 0.45- 0.65 

Very good construction 0.60- 0.90 

Apartment building, medium construction 0.30- 0.45 

Good construction 0.40- 0.65 

Office buildings 0.45-0.90 

Stores 0.35- 0.75 

Bank buildings 0.55- 1.20 

Schools 0.20- 0.65 

Industrial buildings 

Steel mill, 1 or 14^ storife 0.20- 0.45 

Wooden mill, 2 to 6 stories 0.20- 0.50 

Steel frame, multistoried 0 20- 0 50 

Remforced concrete frame, multistoried 0.25— 0 60 
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The^e costs per cubic foot are approximate only and will vary 
greatly with buildings of different shapes and sizes, kind and 
quality of construction, locality and time. Fireproof construc- 
tion will cost 10 to 15 per cent more than fire-resisting 
construction. 

12. Distribution of Costs. — There are many ways of distrib- 
uting or ‘“'breaking down” the -total cost of a structure. The 
cost may be divided into materials, labor, equipment, overhead, 
and profit for the entire structure, or the costs may be distributed 
according to the different kinds of work, such as foundations, 
framing, exterior and interior finish, mechanical trades, and 
painting and decorating for a building. 

Approximate costs, expressed as percentages of the total, for 
materials, labor, overhead and equipment, and profit for several 
different kinds of construction work are approximately as 
follows (United States Construction Census Reports) : 



Percentage of total costs 

Tj-pe of constructioa 



1 Over- 


Mate- 

Labor 

!head and 

Profit 


rials 


equip- 








j 43.8 

30.7 

18.0 

7.5 


! 43-7 

31.5 

15.3 

9.5 


^ ai .2 

32.0 

16.7 

9-9 


1 51.9 

22.8 

14.4 

10.9 


' 45.2 

29.0 

14.7 

11.1 


: 41.8 

25.7 

23.3 

9.2 


42.3 

24.7 

23.0 

10.0 


8.8 

39.3 

40.3 

11.6 

Bridge and culvert I 

43.0 

29.8 

19.7 

7.5 

Sewer, gas, water, conduit ! 

37.2 

33.5 

20.6 

1 8.7 


32.2 

32.0 

i 22.8 

1 13.0 


43.5 

27.7 

1 21.3 

7.0 

Dredging, river and harbor ; 

24.9 

16.4 

29.8 

32.5 

; 37.5 
’ 41.7 

7.8 

9.4 


28.3 

37.2 

1 24.1 

; 10.4 


3^.3 

! 35.8 

22.5 

6.4 


32.5 

i 34.7 

18.9 

13.9 







The costs, and percentages of total costs for various items, wiU 
vary considerably with the kind and quafity of construction. 
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kind of building, and specification requirements. The following 
cost distributions are approximate only. They are included to 
give an idea of the various percentages. 

The following table gives the distribution of costs for two 
residences: 



Two-story frame residence 

. 

Item 

Siding, 
per cent 

Brick veneer, 
per cent 

Excavation 

1.5 

1.5 

Concrete work 

Brick work 

11.0 

11.0 

11.5 

Carpentrj’’ and mill work 

45.0 

39.0 

Lathing and plastering 

10.0 

6.0 

Sheet metal 

1.5 

1.5 

Tile work 

3.0 

3.0 

Plumbing i 

9.0 

8.0 

Heating 

7.0 

8.0 

Electrical 

4.0 

3.5 ' 

Painting 

7.0 

6.0 

Finish hardware 

1.0 

1.0 

Total 

100.0 

100.0 

Total cost 

$10,300 

512,900 

Cost per cubic foot 

S 0.361 

\ 1 

5 0.39 


The table on page 483 gives the cost distribution for some large 
apartment houses of fireproof construction. 

A multistoried mercantile building with concrete foundations 
and steel frame was built in 1937 in New York City. Volume 
was 293,640 cu. ft. Floor area was 26,334 sq. ft. This building 
was well constructed, and was considerably better than the aver- 
age industrial building. The cost distribution was obtained from 
the June 30, 1938, issue of the Engineering N ews-Eecord. 

An industrial (heavy manufacturing) building erected in New 
York City in 1937 cost .$77,700. The floor area was 14,600 sq. ft., 
giving a unit cost of 85.30 per square foot. The cubage was 
278,000 cu. ft., giving a miit cost of SO. 28 per cubic foot. The 
cost distribution was as sho-wn on page 484. 

For further information concerning construction costs, the 
reader is referred to such publications as the Engineering News- 
Record, various editions of Construction Costs, American Architect, 
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Apastmskt Houses* 


Percentage of cost for buildings 


XLCiU 

o 

Xo. 2 

Xo. 3 

Xo. 4 

Xo. 5 

Foundations, 
framework, con- 
crete work 

^ 11.6 

13.9 

25.4 

» 

17. S 

i 

1 

\ 

‘ 8.8 

E-tterior work, 

roofing, parti- 
tions, carpenirj' 
framing 

! 

i 

' 2S.0 

1 

25.2 

20.4 

( 

\ 

t 

i 

1 22.1 

1 

t 

[ 27.2 

Interior finishes, 
surfacing 

i 24.6 , 

21. S i 

15.4 ! 

! 15.7 

.0.1 

Mechanical and 
electrical trades. 

1 

' 22.9 

i 

23.4 ; 

19.7 

1 i 

1 IS.S 

19.1 

Equipment and 
miscellaneous. . . 

1 ‘ 

7.1 ’ 

S.6 1 

7.9 

15.7 

1 

1 12.6 

Builder’s and archi- 
tect's fees 

i ; 

1 2.9 ! 

\ 

5.1 I 

7.0 

6.2 

i 

; 6.9 

Financial charges. 

j 2.9 ' 

2.0 ' 

4 2 ’ 

3.7 

1 0.3 

Total 

’ 100.0 

100.0 

100.0 1 

* 100.0 : 

' 1 

; 100.0 

i 

Cubage, cubic feet . 

2,400,OCO'2 

.500,000.13 

1 1 
,200,000 12,550,000. 

8,950,000 

Cost per cubic feet. 

' -50.42 • 

•50.38 i 

1 

-50.47 1 

1 

1 SO. 42 

1 

i $0.35 


• Aiatracied froai the 1037 Coi^tructioa Costs. 


Cost Distbibctio.v of -Mehca-Vtile Buieden-g 


i 

• 1 

Item 

[ i 

; Percentage j 
1 of total 

1 Cost per 

t cu. ft. 

1 1 

Cost per 
sq. ft. 


7 

-50.049 

-50 . 595 


i 11 

0.077 

0.935 


i 12 

0.084 

1.020 


I 6 

0.042 

0.510 


7 

0.049 

0.595 


1 6 

0.042 

0.510 


7 

0.049 

0.595 


; 9 

0.063 

0.765 


1 10 

0.070 

0.850 


i 7 

1 0.049 

0.595 


i IS 

[ 0.126 

1.530 


; 100 

i 

O 

o 

-58.500 
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Percentage of 


Item Total Cost 

Excavation, foundations, ground-floor slab, cemenr arches 

and finishes, structural steel, iron vork 31-6 

Brick masonry, coping, =ilLs, sach, spandrel water proofing. . . 13.4 

Proofing, flashing, and skylights 5.8 

Heating and ventilating (11 unit heaters^ 6.4 

Plumbing and sprinklers 9.1 

Electrical work 7. 7 

Plastering and painting 2.8 

Miscellaneoas equipment, hardware, doors, carpentty' 8.1 

Administration, superrhion, insurance, general expeii-se, fees . 15.1 

Total 100.6 


Building Age and National Builder, American Coniraclor, Ameri- 
can Builder, and Engineering and Coniracting. 

13. Cost Indexes. — ^At the present time, there are many cost 
indexes available which give information in tabtilar or graphical 
form or both relating to varioas construction costs. These costs 
are usually given in percentage form, and are based on the costs 
of some certain year which are considered as 100 per cent. By 
the .study and use of the co.st indexes and by consideration of 
construction trends and price trends, an e-xperienced estimator is 
enabled to bring the cost data for any year up to the present time. 
Then this cost data may be used in preparing estimates. 

Perhaps the best known of the cost indexes are those published 
monthly in the Engineering News-Record. IMost of these cost 
indexes are based upon the year 1913 or the year 1926, consider- 
ing the year selected as 100 per cent. 

The following is a list of some of the cost indexes available. 
Most of them are reported monthly. 

General conirtruction coot indexes: 

Ercgineering News-Record Construction Cost Index. 1913 = 100 

Engineering News-Record Construction Cost Index. 1926 = 100 


Special building co.st indexes: 

Engineering News-Record Building Cost Index. 1913 = 100 

Abertbaw Index, based on a 1914 building 

American Appraisal Co. Index (for several cities). 1913 = 100 

Associated General Contractors Index. 1913 = 100 

Boeckh Index, for several cities, 1926-1929 = 100 

Fruin Colnon Index, for St, Louis, 1913 = 100 

George A. Fuller Index, for three buildings. 1913 = 100 
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Turner Index, for ea^-iern chii^. 1913 = 100 

Handy Ihibhc L tility Index. Seniuinnua!. 19iI-19I-i = lOO 


liailroad construction cost indexes: 

Engineering Section. Bure.iu of \aluation, Interstate Commerce Commis- 
sion (.-mnual.i. 1910-1911 = 100 ~ 


Public utility constniction co.-t inde.x: 

Handy Public L tiliiy Construction Cost, Compiled and published Jan. 1 
and July 1 of each vt-ar by UTiitman, Requardt li .Vssociates and 
Benjamin L. Smith eV AssocLitts-. 

1. Cost Trends of Building Construction. SemiannuaL 1911 to 1914 
= 100 

2. Ccst Trends of G.as Plant Construction. Semiannual. 1911 = 100 

3. Cost Trends of Electric Light and Potter Construction. 1911 = 100 



Pig. 20-1. — Construction and building cost indexes, 1913 = 100. CDaia from 
Enr}in(.ering Xeics-Rccord, Apr. IS, 1946.) 


Figures 20-1, 20-2, and 20-3 show some cost indaxes expressed 
in graphical form. Figure 20-4 shows j'early variations in con- 
struction wages for skilled and unskilled labor. 

In addition to the various cost indexes that are published by 
various authorities, the estimator should study trends in prices 
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of construction materials and trends in construction wage rates. 
iVIuch inforaation is given in the Engineering News-Record and 
other publications in regai-d to price and wage trends. This 
information is both comprehensive and instructive. 

Other information, which may prove useful, is that relating to 
building permits issued in cities; construction expenditure for 
different kinds of construction (both public and private) in dif- 
ferent sections of the cotmtry; and domestic money rates. 



Fig. 20-4. — Ckjnstruction ivages per hour for skilled and unskilled labor. The 
skilled labor rates are for bricklayers, carpenters, and iron trorkers. Both skilled 
and unskilled labor rates axe averages from twenty cities. {Data from Engineer- 
ing Eews-Eecord, Apr. 18, 1946.) 

The estimator should study unit bid prices for different kinds 
of construction in various parts of the countr^^ so that he may 
obtain information on prices bid by various contractors. 
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COHSTRUCTIOH MAHAGEMBUT 

At> experienced eonrraetor once said ihat ihere ivexe trro 
important steps in the suceessfnl peri’ormanee of a eonstmerion 
job. 

1. The frork must be eaxemlly planned and scheduled. 

2- The tvork must be kept up to schedule by means of thorough 
supervision aided by adequate records of the progress, 

A. PLAinnnG THE wosz; 

1. Tentarive Plan. — ^As soon as the contract is signed, the 
contractor must plan on starring the -vtork on the date set and on 
finishing the trork on or before the date set for completion. An 
experienced contractor does not hare to do much planning for 
a small job because he already knows what to do and when to do 
it. Tor a large job, the planning must be more systematically 
and carefully done. Records must be kept in detail, as the con- 
tractor should not rely on his ^■‘head” for all the xarious details. 

The first step on planning a large job is to prepare a rough or 
tentatixe plan. In this plan, the contractor should list the dif- 
ferent parts or kinds of work that are to be done, the approximate 
time needed for each part, and the approximate dates at which 
each kind of work should be started and finished. 

After these approximate dates haxe been listed, the contractor 
must determine in a general way the various kinds and tines of 
construction equipment required. He will note what equipment 
he has available and what equipment he may need to purchase 
or rent. 

Then the classes of labor (various skilled and unskilled) needed 
may be listed, the approximate date or times that they will be 
required noted, and the number of each class estimated, Tiie 
contractor will plan in a general way on how many men of his 
"permanent” organization he will use on the job and on how 
many new men he will need to hire. He will also note which men 
he will use for superintendents and general foremen. 
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The contractor tvill note approxunately when and where the 
orders for materials shotdd be placed and about when the 
deliveries should be made and in what quantities. 

Consideration should be given to the subcontractors and their 
work. Approximate dates of starting and completion of work 
should be noted in each case. 

Some thought at this time should be given to the overhead for 
the job and to how this is to be cared for. 

After the contractor has prepared his tentative or rough plan, 
he is ready to proceed with the preparation of the detailed plans. 

2. Visiting the Site. — Before starting the detailed plans for 
the work, the contractor and his supeiintendent should visit the 
site again. They should preferably be accompa n ied by the 
owner or the owner’s representative, the architect, or the engi- 
neer as the case may be. 

The job should be discussed in a general way. Xotes should 
be taken concerning the opinions and suggestions of the owner, 
architect, engineer, or their representatives. Such notes will be 
of value if differences of opinion and arguments snould develop 
later. 

After going over the site with the owner, architect, or engineer, 
the contractor and his superintendent or foreman should go 
over the site again and discuss the construction work in detail. 
Such things as the location oi the omce shanty, sheds, tower, and 
major pieces of equinment may be tentatively decided upon and 
noted. Sketches should be made when desirable. 

Before leaving the locahty, the contractor may take additional 
notes to sunplement the information already obtained in pret ious 
visits. Additional nhormation may be needed in regard to such 
items as local ordinances and regulations, permits, banking 
facilities, light, power, water, samtation, roads and streets, rail- 
way siding, trucking, local material dealers, local labor supply, 

and boarding and rooming lacilities. 

3. Planning Plant and Equipment.— After the die has been 
visited and studied, the plant may be planned. First, the work 
must be visualized in detk, keeping in mind the condiuons at the 
site, the kinds and amounts of work to be done, the eqmpment 
that may be used, and that available. 

Then suitable equipment may be ^elected. The mac ne^ 
should be such that they will work well together and sO th..t t e 
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labor that may need to be imported from another locality. 
Boarding and rooming places will be needed for imported labor. 
If local facilities are not sufficient, the contractor may need to 
provide board and lodging. 

Consideration should also be given to construction trends, 
labor trends, and wages. The amount of construction varies 
from time to time and in different localities. Likewise, the labor 
supply and labor wages will vary from time to time and in 
different localities. In general, when there is a large amount of 
construction work in any locality, the labor supply will be low, 
the wages will be high, and the labor efficiency will be low. 

Labor wages depend not only upon the amount of work and the 
labor supply available, but also upon several other items such as 
union rules and regulations, government regulations, general 
prosperity of the country or locality, work available in other 
fields (offices, factories, industries, stores, etc.), and currency 
inflation. In general, currency inflation will cause an increase in 
wages, but wages will rarely keep pace with the inflation and will 
lag behind. The opposite is true when there is a currency 
deflation. Information concerning labor wages and trends may 
be found in such publications as the Engineering News-Record. 

6. Planning Materials. — When planning materials, consider- 
ation should be given to such things as prices, price trends, time 
to buy, amounts to buy, dealers or manufacturers, transpor- 
tation, deliveries, amounts to be kept on hand, checking, testing, 
insurance, and follow up. 

The correct procedure in buying consti’uction materials is to 
purchase these materials so that they will arrive at the job in 
proper order, in the correct amounts, and at the right times. 
The materials must also conform to all specification requirements. 

An expert buyer must be familiar with the markets, prices, 
factories (producers), shipping rates, time required for trans- 
portation of materials from producer to job, tracing of shipments, 
and the reliability of different producers. 

Some producers are very careful to see that their products are 
of the proper quality and are shipped at the desired times and in 
the correct amounts. Other producers are not so careful in 
regard to the uniformity of quality of their products, and they 
also may be careless in their shipments, shipping either too soon 
or too late and not always in the correct amounts. 
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hen the market prices are remaining stationary, only the 
necessary quantities of the materials may be purchased from time 
to time to keep the work progressing in the most efficient manner. 
Contracts for the materials may be made a reasonable time in 
advance. Discounts for prompt pa3’ments (like 2 per cent off in 
10 daj’s) should ahvaj's be taken advantage of when the con- 
tractor’s finances permit. 

When the market prices are falling, materials should be pur- 
chased onlj' as needed and in as small quantities as possible. 
Sometimes some risk mc^y be run of delajdng the work a short 
time in order to secure better prices on the materials. 

When the market prices are rising, the materials for a job 
should be purchased as soon as possible, due consideration being 
given to the contractor’s finances. If not purchased outright, 
the materials should be contracted for in advance so that the con- 
tractor will not have to pay higher prices later. 

Some consideration must be given to the way in which prices 
are quoted. Some e.xamples are f.o.b. manufacturing plant, 
f.o.b. nearest railwaj’’ siding, delivered at job, carload lots or less 
than carload lots, crated or uncrated, minimum quantities, 
extra prices for small quantities, odd sizes, special deliveries, 
discounts from list prices, discounts for prompt payments, 
etc. 

Much information concerning materials prices and price trends 
may be obtained from such publications as the Engineering 
News-Record. 

Some consideration should be given to the method of trans- 
porting the materials from the manufacturer or producer to the 
job. The materials may be transported by railwa3’^, boat, or 
truck. The expense of transportation, probable tune required, 
including dela3's, and the reliability of the transportation com- 
pany should be considered. 

When planning on deliveries, some thought must be given to 
the total amount of each material, the amotmts of each materiffi 
to be kept on the job (such as a few da3’^s supply, a week s 
supply, or the entire suppb*), the time or date that the material 
wiU be needed, and the rate at which each material wiU be used. 
Materials should not arrive at the job too soon or in too large 
quantities so that other work will be interfered with or that the 
materials will need much rehandling. 
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Some thought must also be given in regard to the overhead 
work required in checking purchases, testing materials, insur- 
ance, checking shipments, tracing of shipments during trans- 
portation, unloading, storage, watching, etc. 

On most jobs, it is advisable to contract for all materials as 
to price, quality, quantity, dehvery, etc., before the work starts 
on the job. When practical, some allowance should be made for 
variations in quality, quantity, and delivery because the job 
conditions and needs may vary after work starts. Sometimes 
clauses are included regarding unavoidable delays. Other 
clauses may be included regarding changes in prices. 

Materials time schedules should be prepared for nearly aU 
medium- and large-sized jobs. Such a schedule may be pre- 
pared in a simple tabular or graphical form. The schedule should 
show such information as kind of materials, total amounts of 
each kind, delivery dates for each kind, and amounts of each 
kind to be delivered on each date. Schedules may also show 
dates of first delivery and minimum amounts of each kind of 
material to be kept on hand at the job after the first delivery date 
and until all the required material is used up. Some schedules 
may also show prices delivered at the job. 

7. Planning Overhead. — Every construction job will require 
more or less overhead. Before starting work on any particular 
job, some plan should be provided for handling the necessary 
overhead work for that job. 

In the main office, the overhead work for the particular job 
may be assigned to certain clerks, draftsman, and stenographers, 
under the general supervision of one of the executives of the 
company. They will prepare drawings, keep records, care for 
correspondence, check job reports, look after materials orders 
and transportation, trace shipments, check on pay roUs, insur- 
ance, social security, care for permits, etc. A reminder or tickler 
file is often useful. Plans must be made for inspecting and 
keeping records of the mateiials to be furnished and the work to 
be done by the subcontractors. 

On the job, advance plans should be made in regard to the 
superintendent, general foreman, other general employees, 
records, reports, etc., as may be required for aU necessary over- 
head work at the job. Provision must be made for keeping 
track of the work of the subcontractors on the job. 
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8. Pl annin g Subcontracts.— On most jobs, all subcontracts 
should be let before work starts. The subcontractors will have 
fuU information given in their contracts as to the materials they 
are to furnish, the work they are to do, and other contractural 
relations they are to fulfill. The subcontractors should also 
know the approximate dates they are to start and finish their 
work, and some information should be given in regard to the rate 
of progress. 

A time and. work schedule should be prepared for all work to be 
done by subcontractors. This may be a separate schedule or it 
may be included with the general job schedule. The time and 
work schedule for the subcontractors should show the kinds of 
work to be done, the names of the subcontractors, the dates for 
starting and finishing the work, and notes regarding the rate of 
progress and other details. 

9. Planning the Management of the Job. — ^The general plan- 
ning of the management of a job includes the bringing together 
and coordinating of all the various plans mentioned in the pre- 
ceding articles of this chapter. The items considered are tenta- 
tive or rough plan, visit to site, plant plan, labor plan, materials 
plan, overhead plan, and subcontract plan. 

IVIany large contractors have planning departments whose 
duty is to plan the work. This department is usually kept 
separate from the executive or constmction departments because 
they have fmmd that better results are secured when the “plan- 
ning” is separated from the “doing.” 

The work of a planning department may be briefly outlined as 
follows: 

1. Preliminary work plans (before actual work starts on the 

job). 

а. Work in main office. 

б. Work in job office. 

2. Construction work plans (after actual work starts on the 

job). 

a. Work in main office. 

b. Work in job office. 

It is the work of the planning department to prepare all time 
and work plans for the job in question. The plans are prepared 
after consultation Nvith company executives and superintendents. 
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The plans must be flexible so that they can be changed from time 
to time if necessary. 

In addition to preparing the plans, the planning department 
keeps records as to the progress and costs of the work, suggests 
changes in plans when advisable, reports all discrepancies between 
plans and actual work to superiors, may make investigations as to 
causes of discrepancies between plans and actual work, and may 
make suggestions relating to improvement of the work, especially 
in regard to progress and costs. 

When properly and carefully done, the work of the planning 
department is of great service to the contractor in giving him 
information in regard to the rate of progress of the different kinds 
of work on the job, in regard to the costs of this work, and in 
giving him an opportunity to correct errors in planning and 
execution and to regulate the progress of the work, 

10. Time and Work Schedules. — On medium-sized and large 
jobs, it is advisable to provide time and work schedules for the 
convenience of the main office, the superintendent, and the 
foremen. Such a schedule lists the different construction oper- 
ations, the estimated dates that each operation should start and 
finish, and the actual dates. Such a schedule, together with 
progress reports and charts (if the job is a large one), enables the 
contractor or engineer to note whether the work is progressing as 
planned, and to observe which items are ahead or behind the 
schedifle. 

Certain construction operations and trades should follow each 
other in regular order and -without interference. Confusion, 
Avith a resulting loss of efficient work, often occurs when two 
comparatively large gangs are scheduled to work on the same 
part of a job at the same time. Two small gangs may fre- 
quently work on the job at the same time (such as plumbers and 
electricians doing rough plumbing and wiring in a residence) 
%vithout interference. In general, the paint gang should come 
last (except for priming coat work) on any section of the job. 

It is not necessary for any one operation to be wholly com- 
pleted before another operation is started, but the work should be 
so planned that the different operations -wiU not interfere -with 
each other. For instance, on concrete-paving work, the excava- 
tion gang shotfld be about a half a day or a day in advance of the 
roUer, and the concreting gang should foUow about a day behind 



498 


CONSTRUCTION ESTIMATES AND COSTS 


One CJonrse Paving Job 

TniB AXD Work Schedule 
TYPE OF WORK: One-course concrete pavement 
LOCATION: Highway 147. SUPT. Conway 


No. 

Item 

Estimated dates 

Actual dates 

Start 

Finish ! 

1 

Start 

Finish 

1 

Minor excavation 

j 


1 1 
1 


2 

HoUing subgrade 





3 

Forming 





4 

Concreting and finishing 





5 1 

Curing 





6 

RemoAung forms 

[ 




7 

Cleaning up 





8 

Finishing shoulders 





9 

Completion, schedule time 





10 

Completion, contract time 






Garage Building 

TniB Woke Schedule 
TYPE OF BUILDING: Garage 
LOCATION : 2463 First St. SUPT. Hanson 


No. 

1 

Item 

Estimated dates 

Actual dates 

Start 

Finish 

Start 

Finish 

1 

Excavation 





2 

Make and erect forms 





3 

Bend and place steel 





4 

Mix and place concrete 





5 

Remove forms 





6 

Finish concrete surface i 





7 

Brick work | 




8 

Sash, frames, and trim ' 




9 

Glass and glazing ] 




10 1 

Roofing and flashing 




11 

Plumbing 





12 

Steam fitting (heating) 





13 

Wiring 





14 

Cleaning ud 





15 

Painting 





16 

Schedule time of completion 





17 

Contract time of completion 
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Si3co:\TaACT023 Job Scheduis 
TYPE OF BLDG.: Steel-frame 7-stoij* office 
LOCATION: 211 Grand Are. SUPT. Pointier 


No. 

Item 

Estimated dates 

Actual dates 

Start 

Finish 

Stan 

Finish 

101 

FUevators 

! 




102 ' 

Plumbing, rough 





103 

Plumbing, frniAi 





104 

105 

106 

Heating and air conditioning, rough 
Heating and air conditioning, tiniah 
PJeetrical, rou'^'h. 


i 



107 

Hlfcctrical, finish 





108 

Sheet-metal work 

i 




109 

Painting and decorating 


1 

1 



110 

Etc 





111 

Schedule time for building 





112 

Contract time for building 











B. 2>lANAGn?G THE JOB 

12. Starting tiie Work, — AH necessary preliminary Trork, sncn 
as discussed in the first part of this chapter, should preferably be 
completed before the actual trork on the job is started- That is 
the work will have been well planned in advance. The plant 
will have been designed and secured; labor supply Trill he arranged 
for; materials’ orders will have been ^ven and deliveries decided 
upon; all necessary permits will have been obtained; subcon- 
tracts will have been let (or be ready to let) and subcontractors 
informed as to their work; and all other preliminary work cared 
for. 

A day or so before the work on the job is to start, the boss 
(contractor or superintendent) should visit the rite again with a 
foreman and spend as much time as is necessary cheeking over 
plans previously made and planning the actual work. 

On the day the work is to start, the superintendent should be 
present with a foreman and a gang of men to assist in placing the 
construction equipment as it arrivess; erect job office, tool shed, 
and other temporary buildings; see that telephone, hght, and 
water is provided for; and care for supplies of materials as they 
arrive and need to be stored or piled. One or more copies of the 






COXSTR VCTIOX MANAGEMENT 


501 


plans and specifications for the job and the various time and 
work schedules should be kept on the job at all times. 

13. Work in the Main Office. — The superintendent or foreman 
on the job cannot accomplish much unless the main office does 
its share of the work. At the main office, some one man should 
be responsible for each particular job. This man should prefer- 
ably be an experienced officer of the company. He should keep 
track of all matters pertaining to this particular job, and should 
know whether these matters relate to the superintendent, fore- 
men, laborers, subcontractors, material men, owners, or archi- 
tects. It is expected that he will consult other officials of the 
firm whenever ad\'isable. 

If the job is a large one, a superintendent should be placed in 
charge of the job, and all correspondence relating to the job 
should pass through his hands. He should give all orders to 
foremen and material men and should be kept intormed of what 
is going on even though he does not transact all the businecs 
relating to the job. The superintendent may divide his tune 

between the main office and the job. 

A full set of plans and specifications and copies of aU time and 
work schedules should be kept in the main office at all timea.^ If 
the job is a large one, an extra set or two of plans and cpecifications 
should be protdded so that a set can be loaned to materiffi men or 
subcontractors from time to time. It is usually adtriaable to 
keep the plans and specifications flat in a large shallow drawer. 
One or more drawers, properly labeled, should be pro^^ded for 
each job. Copies of all letters and memorandums relating to the 
job should be kept on file. 

Separate contracts shotdd have been drawn up wit eac 
material dealer and subcontractor, binding them to provude the 
materials and do the work as desired. Care should be exercise 
in setting the dates for providing materials and work so that there 
wiU be no delays, and the work will be finished on or a fittle ahead 
of the date of completion. Schedules for material men an ^ 
contractors should be kept on file, and these men sho e 
checked frequently to see if they are living up to t eir 
contracts. 

If special detailed drawings are to be protride ^ 

time by the architect, they should be provided when nee e . 
is often adtdsable to write the architect, calling attention to e 
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draAvings or data needed at specified dates and insisting that he 
provide them on time. 

14. Work on the Job. — The office man in charge of the 
particular job should visit the job occasionally so that he can be 
informed of what is going on. The boss or superintendent (if he 
does not spend full time at the job) should visit the job preferably 
once or twice daily. He should spend enough time on the job 
with the foremen to see that the work is progressing favorably 
and that delays are avoided. 

When the boss visits the job, it is a good plan for him to go 
over all parts of the job, and observe everything that is being 
done by the company workmen and by the subcontractors. 

It is a good plan for the superintendent to go over the work in 
detail each day with the foremen and discuss mattei’s vnth them. 
The superintendent should give instruction to the foremen 
regarding the work, settle details, make suggestions regarding 
the work, and note things to be taken up nnth the owner or 
architect. The superintendent should be careful to avoid gmng 
direct orders to the workmen, as this duty should be left to the 
foremen. 

The superintendent should be on the lookout for improper and 
inefficient work at all times. He should be careful to observe if 
the materials on hand are sufficient and if material deliveries are 
satisfactory. It is ad\dsable for the superintendent (and the 
foremen as well) to keep a daily notebook record, or diary, con- 
cerning the work. 

The superintendent should keep the work progressing according 
to the planned time and work schedule as nearly as possible. He 
should consult with the main office regarding aU changes in the 
time and work schedule. 

The main office will undoubtedly require several daily and 
weekly reports in regard to the work. The superintendent should 
see that aU requii’ed reports are prepared by himself, foreman, 
timekeepers, and clerks and sent to the main office. 

When work is being done by subcontractors, the superintendent 
should see that they do their woi'k in accordance with the plans 
and specifications, and also in accordance with the time and work 
schedules. Discrepancies in materials and workmanship should 
be reported to the main office. If necessary, work should be 
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stopped. The superintendent should make arrangements so 
that the subcontractors can proceed with their work iu an 
efficient manner and without imnecessary interference from (or 
with) other workmen. 

The superintendent should consult the architect or engineer 
frequently and secure needed instructions in advance con- 
cerning aU doubtful details of the work. This procedure will 
avoid tearing down and doing over certain parts of the work at 
the contractors expense. 

The superintendent should be a good '‘finisher” as weU as a 
good “starter.” He must be careful not to let his energy, per- 
sistence, and enthusiasm diminish as the work progresses. He 
must endeavor at all times to keep the work up to schedule in 
regard to time, quality, quantity, and costs. ^Most men can 
start a piece of work more easily than they can finish it. 

15. Reports and Records. — ^]Most large construction companies 
require that daily and weekly repons be sent from the job to the 
main office, describing in detail the work that has been done. 
The daily reports should give information about materials 
received, used, and on hand; numbers and kinds of laborers and 
their work; amounts of different kinds of work done; work done 
by subcontractors; and any other information deemed of value. 
These reports may be prepared by the superintendent, foremen, 
timekeepers, or clerks as required, and preferably signed by the 
superintendent. 

In addition to the daily and weekly reports and records, a daily 
dairy should be kept by the proper official in vrhich aU essentials 
relating to the particular job are noted. Photographs of the 
work may be taken from time to time and copies included in the 
dairy. 

The Triflin office, by means of the daily reports and records, is 
enabled to keep in close touch with the job and to take any 
needed steps in regard to materials and labor. The daily 
reports should be checked by a competent official to pro\'ide 
against possible dishonesty and errors. 

Weekly and monthly summary reports may be prepared as 
desired by using the information given in the daily reports and 
records. 

16. Progress Reports and Charts, so that the owner, con- 
tractor, architect, or engineer may clearly and ea=ily visualize the 
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amount of work done, the rate of progress of the job and the cost 
of the work, progress charts are prepared and kept up to date. 
A progress chart is a graphical representation of the progress of 
the work on the job in question. These charts are prepared 
from the data given in the progress reports and must be kept up 
to date. A progress chart may be simple or complicated and may 
show a few or many details, as the case may be. The charts 
should not be too complicated, or contain too much detail, if 
they are to be read and understood by the average person. 

Some companies prepare their progress charts in blueprint 
form Avith the estimated quantities of work and time shown as on 
the original tracing and the actual progress filled in each week 
by a colored crayon or full heavy line. "^^Tien issued weekly, 
those charts are of value in indicating the progress of the 
work. 

There are a great many kinds of progress charts. Almost 
every large construction company has its own type of charts. 
Most charts show progress of work in terms of time rates of 
different kinds of work. Some charts show comparisons between 
total estimated and actual costs, and other charts show unit 
costs. Only a few types of charts will be discussed in this 
chapter. 

On certain jobs requiring large amounts of work of certain 
kinds and extending over comparatively long times, such as large 
excavation jobs or large concrete jobs, it is often advisable to 
prepare a unit-cost chart showing how the actual costs compare 
mth the estimated costs. Figure 21-1 shows such a chart pre- 
pared for an excavating job. The horizontal dashed line shows 
the estimated cost, and the zigzag full line shows the actual costs 
which were computed at the end of each week and for that 
particular week. When the full line is helow the dashed line, the 
actual costs are less than the estimated costs, and the work is 
being done at a profit greater than that estimated. When the 
full line is above the dashed line, the actual costs are more than 
the estimated costs and the work is being done at a profit less 
than that estimated, and perhaps at a loss. 

An easily understandable form of progress chart is an outline 
sketch of the structure with the progress made each month (or 
week) shown by different colors. An example of this form of 
progress chart would be an elevation of a building or bridge with 
the progress made each month indicated by different colors. 
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A popular form of chart for showing the actual weekly progress 
of the work is one in which the various items of work are listed ia 
the vertical left-hand column, v\-ith the allotted times extending 
horizontally to the right across the remainder of the sheet. Such 
a chart is easy to read and understand. 



’•Vesk ending 


Fig. 21-1. — F-r ima tp<i and actual unit costs. 



An example of this type of chart is shown in Fig. 21-2. This 
particular chart shows a time-work schedule for a concrete con- 
struction job involving excavation, assembling and erecting 
forms, bending and placing steel renuorcement, mixing and plac- 
ing concrete, removing forms, and sunace finishing. The cro^s- 
hatched lines show the estimated time, and the full heavy lines 
show the actual time required. Each of the horizontal wor ' 
lines are divided into 5 parts as indicated by the short vertic ^ 
lines. Each vertical line*indicate5 20 per cent. Aote that this 
chart is for the completed job. buch a chart may be rea y 
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For an example, the construction of a one-family wood-frame 
residence 'will be considered. 

When starting work, the first step would be the staking out of 
the building according to the plans and specifications. Then the 
tool shed could be erected and the equipment for excavating could 
be brought to the job. 

While the excavating was being done, the equipment for con- 
crete work could be brought to the job and Imnber for form work 
and concrete materials should be delivered. 

After the basement waUs have been formed and the concrete 
poured, lumber for framing should be delivered and the carpenter 
crew organized. The framing should start as soon as the concrete 
walls are strong enough to carry the loads and permit the removal 
of forms. 

While the rough carpenter work is being completed, the rough 
work for heating, plumbing, and wiring may be started and com- 
pleted when the carpenter crew is putting on the roof. 

Then the lathing and plastering crews may do their work. At 
this time, the carpenter crew may do the exterior finish work. 
The concrete floor in the basement may be poured and finished. 
Sheet-metal w^ork may be installed as convenient. 

After the plastering work is completed, the building should be 
cleaned. Finished carpenter •R’^ork may be started as soon as the 
plaster is dry enough. Finish plumbing and heating work may 
now be installed. Electrical finish work may be installed except 
light fixtures and outlet plates, which should wait until after the 
painting is completed. 

At about this time, the yard may be graded and the required 
concrete wnlks and drives built. 

When the floors are sanded, the painters may start work and 
work as rapidly as conditions permit. Light fixtures, outlet 
plates, and other miscellaneous finish work may now be done and 
the building prepared for delivery to the owner. ISTeedless to 
state, the premises should be cleaned up before final delivery to 
the owner. 

The contractor on a small job will need to keep complete records 
in regard to construction equipment, materials, labor, and over- 
head costs, and also some records in regard to the wnrk done by 
subcontractors. Although the records should be complete, they 
need not be kept in as an elaborate and detailed form as for a large 
construction job. 
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Some estimators use a reminder list, and check on each item after its 
cost is computed. Separate lists should be prepared for different kinds of 
jobs, or there should be a list for reuuorced concrete buildings, another 
for a structural-steel building, another for a steel-bridge job, another for a 
hightray job, etc. Such reminder lists are very helpful. However, it is 
practicailj* impyossible to prepare a re min der list that Tvill be absolutely 
complete. Consequently, an estimator should not depend too much on a 
reminder list and neglect to study the plans and specifications careruUy for 
little details and notes and inconspicuous clauses. 

The foUotving has been abstracted with permission from the EnginE&vinQ 
Xews-Reccrd, May 6, 1937: 

ELEMENTS OF BUILDING COSTS 

The cost of budding construction is the aggregate of scores of items, 
both large and small. Iklany of these details are liable to be overlooked 
by the estimator or engineer in figuring building costs, "l^e following 
tabulation is offered as a check list for the benefit of the building estimator 
and contractor. It has been compfied from_ similar lists used by several 
prominent building construction firms, and is more complete than any oi 
the individual lists, for it contains all of the items listed m the various 
sources. 

Chech; List of BuiimrxG Costs 

1. Foundations and Fireproofing: 

Caissons, piling, shoring, and bracing. 

Tests, borings, general evcavation, deep basement, rootmgs. 

Concrete footings, slabs, beams, girders, walls. 

Drop panels, columns, column caps, stairs. 

Tile and joist slab concrete, tile, dome. 

Metal tile, sacket board, metal lath. 

Backfill, tile drains, floor tests. 


2. Forms: 

Slabs, drop panels, beams, spandrels, girders. 
Columns, walls, shores, column clamps. 
Btdkheads, special construction, footings, stmrs. 
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3. Reinforcing Steel : 

Setting, hauling, bending. 

Wire mesh, bar spacers, royalties. 

4. Structural Steel: 

Tie rods, rivets, bolts, cast-iron separators. 

Steel stack, stack lining, set steel stack, grillages. 

Unload at storage, yard rental, reloading. 

Extra freight, hauling, demurrage. 

Remove rust, paint steel. 

Labor setting grillage, cast-iron bases, riveting, bolting. 

Welding. 

Engineering and designing. 

Shop details, inspection. 

5. Ornamental and Miscellaneous Iron: 

Stairs, safety treads, railings. 

Wheel guards, column guards. 

Flagpoles, shop fronts, vault lights. 

Fire escapes, permits, anchors, platforms. 

Steel lintels, access doors and frames. 

Bronze, directory board. 

Door hangers, door-opening devices. 

Mail chutes, garbage chute, floor thimbles, backboard. 

Linen chute, dust chute, box, angles. 

Small tools, erection bolts, burning equipment. 

Power, coal, oil, maintenance of equipment. 

6. Masonry and Cut Stone : 

Wrecking, old buildings, old foundations, walls, floors, sidewalks. 

Grout grillage, bases, columns, spandrels, terra cotta, machinery 
foundations. 

Shoring banks, adjoining buildings, trenches, sheet piling, lagging. 
Pumping, bailing. 

Granite pier caps and foimdations, rubble-stone work. 

Waterproofing, fabric, compound; dampproofing, slate or tar course. 
Drain tile, flue lining, wall coping, anchors, raggle blocks. ■ 

Terra-cotta tile, ornamental terra cotta, glass block. 

Gypsum block, column covering, furring, partition tile. 

Common brick, hollow brick, mortar, scaffold. 

Face brick, shape brick, mortar, mortar color, scaffold, enamel brick. 
Fire brick, radial brick stack, brick underpinning. 

Cleaning, pointing, sandblasting, steam cleaning. 

Setting miscellaneous iron. 

Small tools, power, coal, oil, maintenance and repairs to equipment. 
Hoisting masonry, materials; carving. 

Terra cotta, setting, anchors, scaffold, mortar, hoist, models. 
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Cut stone, setting, anchors, lewising, limestone, sandstone, models. 
Granite, setting, anchors, levrising, monoliths, pohshiag, carving, models. 


7. Cement Pills and Pinishes : 

Dry cinders under floors on ground, sidewalks, driveways, roof fiU. 
Rough concrete, floors, sidewalk, driveway on ground, curb, gutters. 
Finish cement, floors, sidewalk, roof finish, hardener base, treads. 
Cement sflls, water tables, coping wash finish, bushhammer work. 
Cinder concrete, sleeper fill, roof fill, concrete fill over steel. 

Concrete fill tmder wood, marble, tile, composition, floors; roof. 
Reinforcing steel, wire mesh in floors, sidewalks, drit'eways. 

Bonding coat, preparation of rough floors for finish. 

Cement gim work. 

Floors and pavements, brick, wood block, asphalt, mastic, macadam. 

8. Mill and Cabinet "Work: 

Frames and sash, trim, cabinet finish, revolving doors, screens. 

Rough work on store fronts, bulkheads, and entrance doors. 

Bucks, rough partitions, steel partitions, rough carpentry. 

Grounds, rough window sills, wood wall and ceiling furring strips. 
Floor sleepers, carpet strips, sleeper clips. 

Under floors, roof sheathing, building paper, deadening felt. 

Finish floors, maple, oak, pine, laying, scraping, sanding, parquetry. 
Set outside wood window frames, fit sash, and apply hardware. 

Rough work around skylights, cefling lights, scuttle, comice, gutters. 
Timbers, joist, posts, floor, cast-iron post caps and shoes; joist hangers. 
Flagpoles, fittings, rough hardware, sash weights, chain, pulleys. 
'Window-cleaning devices. 

Weather strips. 

Caulking. 

Set and trim doors, windows, base, picture mold, chair rail, mold. 

Stair and hand rail, wood stairs. 

Closet shelving, hooks. 

Telephone booths, medicine cabinets, wardrobes, counters, blinds. 
Wood carving, compo ornaments. 

9. Finish Hardware : 

Kick plates, coat hooks, bead screws, strikes, window hardware. 

Door checks, butts, hinges, lock sets, escutcheons, pulls, thumb bolts. 

10. Plastering and Lathing : 

Furring, comer beads, cement base, stucco, solid partitions. 

Comice, molding, models. 

11. Glass and Glazing : 

Plate, prismatic sheet, art, wire, mirrors, comer bars, vault glass. 
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12. Metal Windows and Doors: 

Underwriter hardware, glass and glazing, set frames, auto hardware. 
Metal jambs, trim, baked enamel finbh, Kalamein, art metal. 
Elevator enclosures and fronts, special doors, shutters, operators. 

13. Roofing and Sheet Metal: 

Composition, slate, tile, guarantee, insulation. 

Flashings, comice, skj’hghts, ventilators, louvres, tin fire doors. 

Duct work, gutters, do'ivnspouts. 

14. Plumbing and Sewerage : 

Gas fitting, meters, filters, tanks, pumps, gas lines. 

Fixtures, medicine cabinets, shower doors, curtains. 

15. Heating, Ventilation, and Power Plant: 

Boilers, stokers, temperature regulators, pipe covering. 

Fans, ducts, high-pressure piping, engines, generators. 

Switchboard, oil tanks, fire-brick linings. 

16. Electric Wiring and Fixtures: 

Telephone, telautograph, carriage call, clock system. 

Power wiring, gas and electric fixtures, lamps. 

Electric-sign wiring, panel boxes. 

17. Elevators: 

Sidewalk lift, dumb-waiters, escalators. 

Cabs, signals, interlocks. 

18. Sprinkler System; 

Tank, supply pipe, sprinkler heads, pumps. 

19. Refrigeration and Air Conditioning: 

Machines, pumps, tanks, insulation, refrigerators. 

Suspended ceilings, ducts, machine foundations, meters. 

Mesh grilles, fans, filters, thermometers, awnings. 

20. Pneumatic Service : 

Pneumatic tubes, compressed-air system. 

21. Vacuum-cleaning System: 

Piping, power, receiver, sweepers. 

22. Marble, Tile, and Terrazzo ; 

Slate, carrara, glass, toilet hardware. 

Ceramic, rubber, cork, scagliola, asbestolith. 

Interior stonework, moldings, models, carving. 
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23. Yaiilts and Vaidt Doors: 

Steel-vault lining, vault fixtures, safes. 

24. Furniture and Fixtures : 

WindoTT shades, Venetian blinds, radiator enclosures. 

Etchen, bar, laundry fixtures, mirror doors. 

Carpets, linoleum, uni t refrigerators. 

25. Painting and Decorating: 

Painting, paper hanging, fioor finish. 

Special decorations, murals. 

26. General and A dminis tration : 

Permits, water, streets, park, harbor, special. 

Survey, blueprints, photos, batter boards. 

Fire, glass, tornado insurance. 

liability insurance — employers, public, compensation. 

Contingent insurance, social security, state and federal taxes. 
Temnorary oSce, telephones, stationeiy, and supplies. 

Traveling expenses. 

Sidewalk protection, fences, sheds, runways, stairs, ladders. 

Sidewalk bridge, watchman and signal lights. 

Temporary light and heat — office, general, sidewalk, caisson. 

Repair damage to adjacent property, streets, move poles, hydrants, 

sewers. 

Qean out building, remove rubbish; wash windows and floors. 

Plant and equipment, concrete- and brick-handling plants. 

Temporary roadways, ramps, storage yards. 

Toofaccount, material and labor furnished subcontractors. 

Protect work during and after erection, adjacent property. 

Temporary partitions, canvas. ^ , 

Organization, superintendents, material clerks, timekeepers. 
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d 

1 

$ 3,300 

a 200 

12 

12 

11 

30 

7 

0.0 

3,000 

170 

20 

10 

11 

-Id 

7 

d.d 

2d0 

17 

12 

12 

11 

30 

7 

0.0 

1,800 

00 

20 

10 

11 

01 

d 

8.0 

3,000 

300 

20 

10 

11 

41 

d 

d.o 

200 

17 

20 

20 

11 

od 

d 

0.3 

000 

00 

20 

20 

11 

00 

d 

0.3 

2,200 

210 

20 

20 

It 

Od 

d 

0.3 

1,800 

100 

20 

20 

11 

Od 

d 

0.3 

1 , 000 

00 

20 

10 

11 

40 

8 

0.7 

4,300 

240 

, 20 

20 

11 

Od 

8 

7.0 

1,400 

100 

20 

20 

11 

Od 

8 

7.0 

1,200 

00 

20 

20 

11 

Od 

d 

0.3 

430 

40 

17 

10 

11 

3B 

8 

4.7 

1,200 

do 

l.'l 

10 

11 

31 

8 

4.2 

2,320 

00 

17 

10 

11 

38 

8 

4.7 

2,100 

100 

. Ill 

10 

11 

34 

8 

4.2 

2,200 

00 

. 17 

10 

11 

34 

8 

4.7 

3,400 

ido 

. 13 

10 

11 

30 

0 

7.8 

300 

30 









520 


CONSTRUCTION ESTIMATES AND COSTS 


A.G.C. SciiKDULK oi' AvuuAGia OwNBiisiiu* Expense (Adbeeviated). — 

(Conlinucd) 



Average annual expense, 
per cent of capital invest- 
ment without field repairs 

Aver- 

age 

use, 

mouttis 

per 

year 

Ex- 

Application 
to selected 
prices 

Equipment 

1 


Inter- 

est, 

taxes, 

stor- 

age, 

insur- 

ance 

Own- 

er- 

ship, 

total 

ex- 

pense 

per 

work- 

ing 

month 

per 

cent 

Price 

Ex- 

pcn«e 

per 

work- 

ing 

month 

Pipe 

Galv., with cotiU., 2 in., 
1,000 U 

1 

5 

11 

■11 

G 

0.8 

S 219 

S 15 

Black, with cents., 2 in., 
1,000 ft 

25 

5 

11 

•11 

0 

0.8 

177 

12 

Pit and quarry plants (port- 
able) 

Crushing, screening and 
loading single-crusher, 
small-capacity 

25 

15 

11 

51 

0 

8.5 

3,500 

300 

Iloavy-duty, single- 
crusher, large-capacity. 

17 

12 

11 

•10 

G 

0.7 

12,000 

805 

Plow, furrow, 250 lb 

33 

15 

11 

59 


S.'l 

55 

4 

Pneumatic tools (see also 
Drill, vibrator) 
Clay-digger, -10 lb 

33 

10 

11 

■51 

H 

9.0 

145 

13 

Drill, jackhammer, me- 
dium 

33 

10 

11 

61 

0 

9.0 

190 

17 

I’avomont-breakor, 0,5 lb. . 

33 

10 

11 

51 

G 

9.0 

185 

17 

Pump, sump 

33 

10 

11 

51 

0 

9.0 

105 

15 

lUvotcr, 1-in. rivet, 25 Ib. . 

33 

10 

11 

61 

G 

9.0 

140 

13 

Pumping unit 

Centrifugal, portable, gas, 
-l-in 

20 

18 

11 

'19 

0 

8.2 

050 

55 

Diaphragm, portable, gas, 
■1-ln 

20 

20 

11 

5l 

0 

8.5 

275 

25 

Plunger, portable, gas, 
d-in 

20 

20 

11 

61 

0 

8.5 


40 

Piston, portable, gas, 80 
g-P-m 

20 

20 

11 

51 

G 

8.5 

1,250 

105 

Pump, concrete 

Single-skids, gas, 25-33 
cu. yd. per hour 

25 

15 

11 

51 

0 

8.5 

5,450 

4G5 

(with remixer) 

25 

16 

11 

51 

G 

8.5 


610 

Roller 

Hand, steel, 500-lb. ...... 

20 

10 

11 

41 

6 

6.8 

00 

4 

Tandem, gas, 10-ton 

M 

12 

11 

37 

8 

4.0 

KKfiRlI 

205 

Three- wheel, gas, 10-ton.. 

M 

12 

11 

37 

8 

4.6 

4,100 

100 

Tamping (sheepsfoot) , 8 
ft. wide. 

33 

20 

11 

C'l 

8 

8.0 j 

1,250 

100 
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COXSTRUCTWX ESTIMATES AXD COSTS 


Fqviv\u.>t Rentai> "Ratiis. — (Coniinucd) 


lion 

Per 

Per 

Per 

month 

Wivk 

day 

Buckets’. 




ClaTOslieU, K cu jd 

S 67 

8 22 

$ 5 00 

CKiusheU, cu. ^d 

90 

SO 

7 50 

Ckamshcll, I'-i cu. jd 

140 

46 

11 50 

Concrete but toni-dumr, 1 cu >d 

35 

llt-2 

3 00 

Concrete bottoi.t-dump, .? cu. jd 

50 

16?* 

4 25 

Dragline, I cu. >d 

S.i 

28 

7 00 

Drai,bne, I'-a cu. id . . . 

105 

35 

8 75 

Dr.agUne, 2 cu jd .... 

125 

42 

10 50 

Or-ange-ixel. cu >d 

175 

5S 

14 50 

Bulldozers — ^ee Tr.'ictors 

Concrete c.aTts: 




6 cu. ft., rubber-tired ..... 

12 

4 


0-11 cu. ft., rubber-tired 

15 

5 


Cranes (c.apacitv at ft- radius): 




Crawler gasoline, 4 75-7 375 ton, 12 ft ... 

450 

150 

38 00 

Crawler gasoline, 14.5-10 5 Ion. 12 it 

675 

225 

56 00 

Crawler g.asoline. 181-^-26 ton, 20 it 

1,400 

467 

117 00 

Crawler diesel, l-lt-j-lOt-j ton, 12 It 

SOO 

267 

62 00 

Crawler diesel, lStj-2G ton, 20 it 

1.700 

567 

142 00 

Crawler diesel, 141^-20 ton, 45 ft 


90S 

227 00 

Crawler ste,aiii, lSli-24t^i ton, 12 ft 

T*5 

242 

60 00 

Loconiotito gis, 27-32 ton, 12 it 

1,300 

430 

lOS 00 

Locomotive steam, 27-32 ton, 12 ft 

1,180 

393 

98 00 

Tnick-moiinted gos, 7-0 ton, 10 ft- (i->er hour So 501 

700 

230 

58 25 

Truck-mounted gas, 12-14* a ton, 10 tt- ('per hour SO 00) 

925 

SOO 

77.00 

Crushers, (without accessories or viewer): 




Oixinings 0 \ 16 in, 

S5 

28 

7,00 

Oixinings 10 X 30 in. ...... ... 

190 

63 

16.00 

Oiienings 12 X 36 in, 

265 

SS 

22.00 

Derricks: 




Suffleg, wood, S)-a— ibs ton 

100 

33 

8 50 

Stifflcg, steel, 4-6 ton, 50- to SO-ft- boom 

-215 

72 

18.00 

Stiffleg, steel, 13-17 ton, lOO-ft- boom 

390 

130 

S3 00 

StiiBcg, steel, 32-42 ton, 70- to lOO-fl- boom 

555 

385 

46 00 

Guy, 13-17 ton, 70- to llO-ft. boom 

245 

82 

20 00 

Gu 5', 35-45 ton, 100- to 120-ft- boom — 

450 

150 

37,00 

Engines: 




Gasoline wath clutch, 22-30 hji 

50 

17 

4 50 

Gasoline with clutch, 55-70 hp 

90 

30 

7 50 

Diesel with clutch, 22-30 hii 

75 

■25 

6,50 

Diesel wath clutch, 55-70 hp . 

135 

45 

11,00 

Diesel wath clutch, 90-115 hp . , — 

245 

82 

20,00 

Fine graders, 11- to 16-ft- wadth (scli-powercii) , . - 

650 

216Ji 

70,75 

Finishing machines: 




Concrete-floor, pow cred. — 

60 

20 

5.00 

Boad finishers, 12-lS ft. roadway., 

447 

149 

37,25 

Boad finishers, 24-30 ft. roadway 

495 

165 

41.-25 

Bituminous machines , ..... 

750 

-250 

63.00 

Graders; 




Single-drive, S, 600-1 4,000 lb., gasoline 

275 

92 

23 00 

T,andom-drivo, 19 ,000-21,000 lb., gasoline ... 

470 

156 

39-00 

Tandem-drive, 13,500-21,500 lb., diesel..,.,, — 

525 

173 

42 00 

Towed-power operated, 9-11 ft 

190 

63 

15.75 
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iSAMi’jj; K<ji;n’.M);NT JtKNTAL Katj;;?. — 




Kurv'-yiiiB iiiotruHicut-i: 

. 

. • . • • 

Tfuct'ji, craiikT. uit'i uttji 

:>'■} 11 lip., BUftoliiii'. . 

O'i- *5j naD'jliiii;. 

•115-52 lip , <li‘ •■>' 1. . . . . 

72 h'J hp.. 'li' •11 1 ........ 

Ijy-iy.O lip., 'Ji'- A‘l. . 

Winth, uiiy uizi*, il'iubln ilniiit , . . . 

liulliJoii.T, (jii-VJ lip , liiitluf ... . 

Aiisscl'l'JU'.T, <1I5-5'J lip., Iracl'/r . . 

'rriictijia, vvliiiliiJ: 

-l-viliin-l, riiliti<,'r-lirt.il, illc n l, ‘j:5-l(j:i lip , , , 

•l-»lii.<;l, ruliliiT-tiji.'l, 1, I Id- 10(J hp 

2-h1h,< 1, ruhlKT-liii'l, 'I r.vI, 115-J'/ylip 

2-wlii<'l, luhbi'r-timl, ijhui l, 105-210 hp 

Boratx'iii iin<i wau'iiiii (ln.'ujx.il iii('a.iiiii:) : 

BcraixT, 7-10 cu, y<l 

ticruiKT, 17~22 cu. y'l 

BcrujAT, 20 -27 cu, y<l. , , , 

Criiwlor watviiii, hottyin <luiiip, <:n. yO 

Crawler waKoiia, h<ilt<j(ii rluinp, -20^-i cu. >'<1 ...... 

VihraPj|.i, tjaaulhic, llexihlc xhall: 

Up to I j/J lip , 2li-(t. aliaftiiiK 

V/i—V/t l*P-i 'Ui-h. uhaltiiu; 

Wi lijliiK iiiaehiii<;.i. whi,i-la ur ulsirln: 

GauolhiC'CiiBhiy ilrivcii, up tu 250 amp. . 

Gaaoliiic-ciiKiiKj <lriveii, :5.50 to 500 amp. 

C0-cyi;le, iiiotur ilriveii, up to 250 amp 

(50'Cyclo, motor ilrivc/i, 250 Oj 500 amp 


{Continual) 


l\r 

J\r 

1 

iA-r 

ji.oiith 

week 

.lay 

$ 20 

i h 

5 5 0<1 

'J'j 

'j 

5.W 


22 

22,00 

•125 

112 

25.00 

510 

127 

21 00 

015 

215 

51 (/) 

775 

252 

05 W 

75 

2.5 

0 ,50 

120 

10 

lO.f/J 

lih 

yj 

12.00 

520 

175 

•15.W 

JiOO 

225 

70.00 

700 

200 


l.:i!j5 

•101 


250 


21. W 

rnt, 

150 

•12. W 

1.025 

210 

25. W 

210 

20 

20. W1 

270 

122 

31.W 

25 

11 Ji 

2.00 

00 

20 

5.W 

71 

25 

O.W 

IH 

22 

9., 50 

25 

12 

2,W 

r,li 

10 

•1 , 50 
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CONSTRUCTION ESTIMATES AND COSTS 


CoNSTKTJCTioN Eqtjipiient. — {Continued) 


Cars: 

Flat, wood 

Hand 

Hopper 

Sc^e 

Skip hoist 

Tank 

Carts, concrete 

Carts, tool, steel. 

Cement gun machines 

Chains: 

Hawsers and lines 

Power, transmission 

Channelers, rock — 

Chipping and calking tools, pneu- 
matic 

Chutes, concrete,_ gravity 

Clamps, column form 

Cleaning machines for exterior of 

budding, steam or sand 

Compressors; 

Belt-driven 

Electric, portable 

Gasoline, portable 

Motor-truck unit 

Steam, portable 

Concrete machines, pneumatic 

Concrete mixers: 

Electric 

Gasoline, 53, 7S 

Gasoline, lOS, 14S 

Gasoline, 21S, 28S 

Paving, gas 

Paving, steam 

Steam 

Truck-mounted 

Controllers, motor 

Conveyors; 

Belt, elevating, portable 

Belt, elev'ating, stationary 

Bucket 

Cable, drag. 

Cable, monorail 

Chain, portable 

Portable 

Scraper 

Cranes: 

Bridge and cantilever 

Crawler, electric: 

2 to 5 tons 

10 to 15 tons 

20 tons and over 

Crawler, gas: 

2M to 5 tons 

10 to 15 tons. 

20 tons and over. 

Gas locomotive 

Crawler, steam: 

2J^ to 5 tons 

10 to 15 tons 

20 tons and over 

Steam locomotive i 

Dock or wharf, traveling . ....... 

Dragline 

Universal, gas, 23^ 'to "o” ton,' 

mounted on lO-tOn truck 

Craneways: 

Steel 

Wood 

Crushers, rock: 

Portable 

Stationaiy' 

Cutters: 

Bar, power 

Corrugated iron, hand'.'. 1 ^ ' 



i lDavits 

(Derricks: 

Boat. _. 

Circle swing, hand 

Crab, hand 

Crab, power 

Guy, steel 

Guy, wood 

Stiffleg, steel 

Stiffleg, wood 

Diggers, clay, pneumatic 

(Draglines: 

Electric: 

[ H cu. yd 

1, IM. IMcu.yd 

1 2 cu. yd. and over 

Gasoline: 

J-a. H cu. j-d 

1, 134. cu. yd 

2 cu. yd. and over 

Steam: 

3-2 and cu. yd 

1, 134. and 134 cu. yd 

I 2 cu. yd. and over 

'Dredges: 

Clamshell 

Dipper 

Hydraulic 

Pipe 

Drill boats 

'Drill points, well 

'Drills: 

I Air drifter 

I Electric or pneumatic, hand, for 

wood or metal ! 

Hand, electric 

Rock, electric 

Jackhammer 

Steam 

Traction, well 

I Tripod ^ 

[ Tunnel carriage 

WeU 

'Drums for oij, steel 


Elevators: 

Bucket, Stationary 

Cage (stoel tower) 

Engines: 

! Blowing 

^ Fire 

i Gas 

I Marine; 

i oa 

I Plumbing 

I Steam.J 

|Excavatc,rs: 

I Trench!, gasoline: 

7-ft.; depth 

I 12-ft. depth — 

18-iti. depth 

Trench, steam: 

7-ft. depth 

12-iU. depth 

I IS-ft. depth 

Trench, vertical boom. 
Wheel c.r ladder type. . 
Extinguishers, nre 


Fans, exhaust 

Finishing m£\chines 

Floats, bridgf, steel 

Forges, gas- oir oil-burnina 
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Co:;oTHi:cTio:> Equipment. — {CoTdimitd) 


Punipiag units: 

Ci us: 

Ceniriiusul or diuphrugiu 

High'R'uy contractor’s x>u:ni<. . . , 

Piston . . - 

SlenxD. centriiusal 

Pumps; 

Ail lift 

Centrifugal. Humdinger, or Im- 
pulse 

Hydraulic 

Oil 

St.£ain piston unit 

Testing for pix>e lines 

Punches, hydraulic 

Punches for steel, j.ovrer 



Spreaders, stone; 

Hopt/tr wagon 

Steel box 

Steamers, paddle wheel. 
Switches; 

Portable 

Stationary 


Racks, storage, for pipe and steel: 

Steel 

IV ood 

Rails, steel 

P-azing equipment, for buildings. . . 
Reamers, electric or pneumatic. . . . 
Rollers; 

Concrete Saishing, steel 

Road, gas or steam 

Rolls, ridge 

Rowboats 




Sand-blast outfits 

Sawmills, portable 

Saws: 

Band, cutoff and rip, power 

Hand, electric, and pneumatic.. . 
Saws and woodworkers: 

Steel frame 

■Wood frame. . 

Scales, large, track, and wagon 

Scarifiers: 

Attachments 

Blocks, steerable j 

Drag, aU-steel 

Grader type 

Scows, including dump 

Scrapers; 

Blade, carryall 

Fresno or ilorman 

Rotary 

Slip 

"Wheel 

Screens and bunkers, for gravel pits ! 

Screens, revolving ' 

Sharpeners, drill 

Shears, for steel, hand 

Shores, adjustable 

Shovel attachments, for cranes 

Shovels : 

Electric or gasoline, crawler or 
wheel: 

H and cu. yd 

1, IJ^, and IJ-f cu. yd 

2 cu. yd- and over 

Steam, crawler or wheel: 

and % cu. yd 

1. snd cu. yd 

2 cu. yd. and over 

Railroad, steam 

Tunnel- 

Spouting plants, complete, concrete. 
Spraying equipment, paint 


Tampers, backfill, pneumatic ! 

Tamping machines ■ 

Tanks; 

G asolin e-s t ora ge 

Relay...-. 

IVater- or air-storage, steel 

Water-stm-age, wood 

Tarpaulii-s and tents. 

Threading and cutting machines, 

i 

Ties; I 

Swrel ; 

W ood I 

Tongs, chain ! 

Towers: | 

Cableway: : 

Steel i 

■Wood . 

Wood with steel boom and 

counter weights 

Tracks, industrial, porla'ole 

Tractors: 

Electric; 

3-toa 

o-ioa 

10- ton 

20-ton 

Gas or steam; 

1 3-toa 

20-ton 

20-ton 

Trailers: 

Dump, steel or wood 

I Platform, wood 

Drop platform, hea's'y-duty 

Transformers, car 

Trenching machines fsee Excavators) 
Trucks, auto, general purpose or 
i dump; 

I Ja to % cu. yd 

1 to cu. yd 

2 cu. yd- and over , 

Tugs, screw-propelled, steam or gas. 

f^mtahles, industrial railway 

inses 


Wagons: 

j Dump, steel or wood 6 

i Farm, heavy or light 10 

] Road oilers, tank, steel 10 

Tank or sprinkler: 

I Steel 10 

( Wood S 

iWashers, gravel 3 

I Welding outfits, acetylene or electric 10 

■Wheelbarro ws.. 2 

Winches, electric and pneumatic 10 

Wire and cables: 

Electric 6 

Flexible, steel-armored 3 






APPENDIX E 


COMPENSATION INSURANCE RATES FOR CONSTRUCTION 

The cost of compensation insurance Traries greatly between different 
classes of work and also between different states. The rates are based upon 
experience and data collected over a period of years, and are changed from 
time to time. The base rates are subject to adjustment, either up or down, 
depending upon whether the individual contractor’s e.xperience rating is 
bad or good. 

Careful pay-roll classification may afford an appreciable savung in insur- 
ance costs. 

When preparing estimates, the estimator should always consult the 
insurance companies to ascertain the rates which are in effect at the time 
and in the locality in which the work is to be done, and also which are in 
effect for the particular contractor and his e.xperience rating. 

The follo;ring table of base rates for important construction operations 
gives the rates in effect on .Vpr. 1, 1946, and shows the variation in these 
base rates between a few states and between different kinds of work. The 
data in this table was abstracted, with permission, from Engineering 
E'ews-Record of Apr. 18, 1946. 

The data given in this appendix are for illustrative purposes only and 
should not be used when preparing actual cost estimates. 
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Base Rates on Compensation Insurance for Construction, Apr. 1, 1946 
(Data Compiled by Herbert L. Jamison & Co., Insurance Advisers and 

Auditor.s, New York) 

(Base rates in effect Apr. 1, 1946, subject to increase or decrease according 

to e.xperiencc ratings) 


Classification of work* * * § 

.Ua. 

Calif. 

111. 

N.Y. 

Wis. 

1. Carpentry, private residences 

1 

37 

I 

1 


95 

6 

31 

3.73 

2. Carpentry, dwellings 3 stories or less 

1. 

37 

H 



95 

6 

31 

3.73 

3. Carpentry, interior trim 

0. 

81 

m 


1 

10 

6 

31 

3.73 

4. Carpentry, general 

1. 

98 

5. 

06 

4 

19 

6 

31 

3.73 

5, Concrete- and cement- walk layingt 

1 

01 

1 

87 

1 

so 

3 

78 

2.17 

G Concrete work, generalt 

2 

03 

4 

50 

3 

21 

6 

05 

3.31 

7. Concret<5 work, dwollinga 3 stories or Icssf 

1 

06 

4 

50 

1 

90 

6 

05 

2.83 

8. Electric wiring 

1 

00 

O 

45 

1 

32 

2 

69 

1.96 

9. Excavation, earth J 

1 

GS 

3 

19 

2 

59 

5 

64 

3.86 

10. Excavation, rock§ 

o 

87 

8 

30 

4 

59 

11 

31 

7.51 

11 . elating 

2 

32 

5 

39 

3 

56 

10 


7.49 

12. Lathing 

1 

10 

4 

00 

1 

50 

2 

95 

3.23 

13. Masonry 

1 

OG 

o 

99 

2 

20 

7 

SO 

2. S3 

14. Painting** 

1 

95 

4 

SO 

2 

33 

7 

39 

2.74 

15. Plastering 

1 

29 

4 

60 

1 

98 

6 

12 

2.39 

16. Plumbing 

0 

78 

1 

84 

1 

26 

3 

25 

1.59 

17. Roofing 

3 

58 

9 

24 

6 

86 

18 

03 

10.73 

18. Sheet-metal erection 

I 

73 

o 

99 

2 

27 

5 

60 

3.47 

19. Steel erection, general 

5 

86 

8 

68 

8 

55 

16 

35 

9.77 

20. Steel erection, structural 

9 

50 

16 

04 

8 

55 

28 

17 

13.57 

21. Steel erection, interior ornamental 

1 

59 

3 

57 

2 

51 

4 

59 

3.92 

22. Steel erection, dwellings 3 stories or less 

3 

74 

16 

04 

6 

37 

12 

46 

6.75 

23. Tile laying 

0 

72 

1 

40 

1 

10 

4 

75 

1.54 

24. Watchmen and timekeepers^ 

1 

61 

!1 


2 

65 

8. 

38 

4.45 

25. Waterproofing: 










Application by brush 

1 

95 

m 

t 

2 

33 

7. 

39 

2.74 

Application by trowel, interior. 

1 

29 

HI 


1 

98 

6. 

12 

2.39 

Application by trowel, exterior 

1 

06 

m 


2 

20 

7. 

SO 

2.83 

Application by pressure gun 

2_ 

03 

HI 


3. 

21 

6. 

05 

3.31 

26, Wrecking. 

9 

25 

21. 

22 

.3, 

32 

tt 

27.79 


* Special rates for government projects, 

t Includes construction of forms. 

t Includes blasting but not caisson or cofferdam work. 

§ Special rates for occupational disease coverage. 

11 Assign operation to principal classification. 

^ Not available if general contractor is conducting operations at job. 

** Painting of bridges and steel structures rated as erection, 
tt Wrecking of structures based on cubic content. 











DIAGRA3IS 



Labor cost of handling I000units,in dollars 
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DIAGRAM 2-2 



DiAGiiAM 2-2. — ^Labor coutb of liaadling 1,000 uiiitB of material, sueb as piddag up 
materials, taldag a Jew steps, and plaeiag or piling. 


Ldbot cos! of hatidling 1000 uniis, in dollars 
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DIAGRAM 2-4 



Machine co&is of handling one cubic prd or one ton, in dollars 
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DIAGRAM 2-8 
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CONSTRUCTION ESTIMATES AND COSTS 


DIAGRAM 2-10 



2-10. — Cost of one round trij) in dollnra of tnvnsportiirg materials by 

truck. 


Cost per round trip, in dollars 












Labor cost of excava+ing soil by bond shoveling, per cubic yard, in dollars 
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DIAGRAM 5-1 

EXCAVATION OF SOIL BY HAND LABOR COST PER CUBIC YARD 
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Wage per man per hour, in dollars 

Diagram 3-1. — ^Labor cost of excavating soil by band shoveling. This diagram 
may be used for estimating costs of excavation by hand shoveling, trenching by 
hand labor, excavation by hand labor and wheelbarrows, backfilling by hand 
labor, and spreading soil by hand labor. 
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DIAGRAM 5"9 COST PER 



Cost per cubic yard, in dollars 
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DIAGRAM 5-S2 



Cosi of Iran&poi-iing one cubic yard; in dollars 
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DfAGRAM 3-13 



Diagbam 3-13. — Total cost per cubic yard of excavating and transporting soil 

with all power equipment. 


Total cost of excavating and transporting soil per cubic ;/ard, in dollars 


Labor cos! of cxcavafing rock per cubic yard, !n dollars 
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DIAGRAM 3-14 


EXCAVATION OF SOCK LABOR rOST 
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IDiicajLii 3-14. — Labor cose per cubic yard of excavating solid rock. 


Labor cost of excavating rock per cubic yard, in dollars 
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DIAGRAM 4-1 



square foot of surface. 


Cost of wooden sheet piling- per sq.ft, of surface, in dollars 
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DIAGRAM 4-2 

CCST C“ StHEL SfiEcT PlUviG ^ , 

"T'j'i j/ [ 

T ri/ , i j/ Ti ,„ 

t f i/i t i / i { 

? i i / i l /il i 

f ' * r I /m >/i f [ 

"1 71 -i j/[ i I !/ n( 
I f * ' > I / i i / n^T/ 
n'i/rl 1/1 

'■ f i i/1 ! i/i i /f~T~ 
i /l" 1 /I I i 
* • i wt } / i i i/i ! t i 

/f! 1/ j f I fX ,,, 
TJin—] lyf 
' t / i i ~i/i 'i r 
'/lit ' fX f f 

7 ! ' /f 1 1 

7i M t U iTT~ ,p. 

-j~'t 'i' i i i 

i . 1 . i J oc( 

i j I } i i 

iX i i t.X i (' [ T't ~/r 

i t M h "ixT 1 
TTT>TTTT 

i >7 ! n • r-~P 

// i . I . " 1 L..[ 4 

t 1 M i t 

r f MM 1 U-T i j 'L , 
j t i^r i i f 
T i i t~r n., 

1 t t f i i i 

( M I i t i 

i I t i j i I i i ~ 021 
TTTIXLZIII 

TT i [ Ml M i t 1 [ 1 a{. 

f t I M i i 
i M t ' S I 0 
5 6 

0 !a,!n dollars 
per square foot of surface- 


C051 of steel shed’ piling per cquoire foot of surfocejn dollars 

























Labor cosis of.lnslolllng and removing slicci piling per sq. ft. of surface, in dollars 
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DIAGRAM 4-3 

SHEET P1LU46 AND BRACING LABOR COSTS 



I>L.4.GKAi£ 4-3. — Labor costs per square foot, of surface of iiLsialling and removing 

sbeei piling. 


Labor cosi of inslolling and removing shod piling per sq. fi, oi surface, in dollars 
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DiAGSAM 4-4 









Labor cost of installinq bearing piles per lineal foot, in dollars 
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DIAGRAM 4-5 



Diagram 4-5. — Labor cost per lineal foot of installing bearing piles. 


Labor cost of installing bearing piles per lineal foot, in dollars 
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DIAGRAM 5-i 
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Diagbjlm 5-1. — ^Lumber costs for forms for concreta. 
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DIAGRAM 5-5 



DiAGHioi 5-5. — Coat of aggrejaxa per cuHc yard of CDacTat.e. Assres^i'S 

laeasiired and priced per ton. 


Co&l of agcjrcgaie per cubic ^circi of concrelc, in dollars 


Labor cos! p<ir cubic yord of concrete, in dollors 



VYoge per man per hour, in dollars 


DiAGKAit 5-6. — Labor cost per cubic yard of concrete. 











Labor coa-t of ■finishing concrcic surfoces pur square fooi, in dollars 
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DIAGRAM 5-10 



DiAGBiir 5-10. — ^Labor costs of finishing concrete surfaces. 








Number of brick per 100 sq.ft, of wall surface 
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DIAGRAM 6-1 



PiAGHAM 6-1. — Niimber of brick per 100 sq. ft. of -wall surface. Yaiyins 

thicknesses of joints. 


Number of brick per 100 sq.ft, bf wall surface 




Cod of ccmenl per cubic yard of niorlar, in dollar 


















Cost of lime percu.yd of mortar, in dollars 



Cool of oand per cubic yard of mortar, in dollar 
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DIAGRAM 6-5 



Cosi' of mortar per cubic yard, in dollars 


Diagram 6 - 5 . — Cost of mortar per 1000 brick for brick masonry. 


Coot of mortar per 1000 brick. in dollarc 





























Labor cost of stone masonry per square foot of surface area, in dollars 
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DIAGRAM 6'9 



DiAGBAii 6-9. — ^Labor cost per square foot oi surface area for stone masonry. 


Labor cost of slonc masonry per Equarc foot of surface area^ln dollars 












Materials cosh per coot per square, in dollors 
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DIAGRAM 7-1 



Cost of CD'/erinq rnoferiai psr gallon, m dollars 

DxAGKAii 7-1. — Malt'riala coat per coat pur aquare for dai/jpproofiug and 
v/aterpTOofiijg- Materials sold by the gallon. 


Materials cost per coot per square , in dollars 


Mdlerialo coai per coal or layer per r.quarc , in dollars 
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DIAGRAM 7-2 
















594 


CONSTRUCTION ESTIMATES AND COSTS 


DIAGRAM 7-3 
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Labor cost per square (100 sq. ft:)of surface, in dollars 
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DIAGRAM 7-4- 



Labor cost per square (lOO Sq.ft.) of surfocu/m dollars 
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Labor cost per timber or per piece/in dollors 
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DIAGRAM 8-3 



Labor cot\ per timber or per picce^ in dollars 




DIAGRAMS 
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DiASRAM 8-4 



in wood construction. 


Labor cosf per timber or per piece, in dollars 
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DIAGRAM 8-5 LABOR COST PER SQUARE 



DiAGR-iii S-5. — Labor co^t of wood construction per 100 lineal ft. or per square of 

100 sq. ft. 


Labor cosb per square or per 100 lineal feab, in dollars 



Labor qosi pur squore or per 100 1 
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DIAGRAM S-7 



DiAGii.vxt S-7. — ^Labor cost of wood construction per 1,000 ft. b.m. 


Labor cosb per 1000 ft b,m.,in dollars 


Lobor cost per lOOOII; b. m., in dollars 


DIAGRAMS 


603 


DIAGRAM 0-5 



Labor cost per 1000 ft. b.m.in dollars 





















Cost per square (100sq.fi), in dollars 
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DIAGRAM 8-9 
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Cost of mstlErJals per 1000 fib.m,ln dollars 
Diagham 8-9. — Cost of -wood materials per square of 100 sq. ft. Trith aDowanca 

for lap and waste. 


Coat per aquare (I005q.fi),in dollars 


Labor cos!; in dollars 
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ST5UCTURAL STEEL 


DIAeZAN-l 5-1 

LASO:? COST FOR SMALL EQUIPMENT 
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DiiGHAir 9-1. — Labor costs of erecting, moving, dismantling, loading, and 
unloading small- and medium-sized structural-steel equipment such as hoists, 
cranes, derricks, gin poles, air compressors, etc. 





























Labor cost, in dollars 
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DIAGRAM 



0.50 LOO 15 ZOO Z50 500 


Average wage per man per hour, in dollars 

Diagham 9-2. — ^Labor costs of erecting, moving, dismantling, loading, and. 
unloading medium- and large-sized structural-steel equipment such as hoists, 
cranes, derricks, gin poles, air compressors, etc. 


Labor cost,in dollars 


Labor cod of handling per Ion, in dollars 
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DIAGRAM 9-5 



Labor coil of handling per Ion, in clollari 








Labor cost of erection per ton, in dollars 
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DIAGRAM 9-4 
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Average wage per m'dn per hour, in dollars 
Diagk-vm 9-4. — ^Labor cost per ton of erecting structural steel. 


Labor cost of erection per ton, in dollars 
























612 CONSTRUCTION ESTIMATES AND COSTS 

DIAGRAM 10- I 



Diagram 10-1. — Approximate cost of roofing materials per square with allowances 

for fastenings and waste. 


Approximate cost of roofing material, fastenings and v/aste per square, in dollars 
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. RoOflNS MATERtALS 


DIAGRAM 10-2 
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DiAGaAit 10-2. — ^Approximate cost of roofing materials per square witli allowances 

for fastenings and waste. 
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DIAGRAM 10-3 



Diagbam 10-3. — Coat of roofing materials per square of roof area. 


Cod of roofing malcrials per square, in dollar 
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DIAGRAM 10-5 



DiagbAji 10 - 5 . — Cost of shingles per square of roof area. 


Cost of shingles per square, 'in dollars 


Lolior co^^ per squan’ or per lOOlinfol fed, ifi tlolloi 



Labor co^t per i.quarf 
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DIAGRAM !1-1 

WOOD LATH MATERIALS COST PER SQUARE YARD 



DiAGBjLii 11-1. — Cost of wood lath, per square yard with an allowance of $0.01 per 
square yard for u.qils and varying allowances for waste. 


Cost of wood lath per square yord, in dollars 







Cosi- of mefal Idh per square yard^ in dollars 
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DIAGRAM II-3 



Cost of metal lath per square yard, in dollars 


Labor co^f per j,quarf yard, in dollars 





















Labor cost per lineal foot, in dollars 
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DIAGRAM 11-5 

FURRING AND GROUNDS LABOR COST 



Wbqe per man per hour: in dollars 

Diaqbam11-5. — Labor cost of applying furring, grounds, corners, corner bead, etc. 


Labor 
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DIAGRAM 11-7 



Diacbam 11 - 7 . — Cost oi cementing materials Oime, gypsum, plaster cemen 
etc.) per cubic foot of plaster. 


Cost of cementing mdeHal per cubic fool of plaster, in clollari 


Lcilior cosi of plasfcring por squai-e yard; in dollars' 
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DIAGRAM Ii-8 



Labor cost of plaslcr'ing per square yard, in dollars 
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CONSTRUCTION ESTIMATES AND COSTS 

DIAGRAM 12-1 LABOR COST OF 
STEAM AND HOT WATER HEAT1N6 SYSTEMS INSTALLATION 
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Diagham 12-1. — -Xiabar costs of installing pipe and other items in steam and 

hot-'R-ater heatiiig sj-stems. 




V/cze per mon per hr, in doilars 


Biagsjjx 12-2.— I^bor costa of instaUiiss pipe and other items in stenm- and 

hot-TTSter heating aj-stems. 
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Labor cost of installation per item, in dollars 
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Diagr-^-M 12-3. — Labor costs of installing parts of 'warni-air beating systems. 


Labor cost of instal 





Labor cosi of inslallafion per unH or Hem, in dollars 
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Labor cosi of insiaUafion per fiK^ure,iii dollars 
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DIAGRAM 13-3 



DiAGHAiii — l.abor CGot of ixiitalliiig plti2xii»ixLg Sxt'urss- 


Labor cosl of Insl-allaHoi-v per f'Wure,ih dollars 
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DLA6RAI-! 14-1 



Labor cosf per outlet or per Hem^ In dollars 
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DIAGRAM 14-2 



n i— n I I I I I I I I I I I I I I I I I i I I I I I 0 
050 LOO 150 2.00 250 500 


Wage per man per houoln dollars 
I>ijs.GSAii 14-2, — Labor cost oi installing electrical condmt. 


Labor cosi of Inslalllng tOOfiof condu'd'/in dollars 
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DIAGRAM 14-4- 



Labor cost of installing one fixture or unit^ in dollars 
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CosV of painting materials per coat per square (100 sq.ft.), in dollars 



Labor cost per coat per square (100 sq.ft.) or per 100 lineal feet) in dollars 
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DIAGRAM 15-2 



Diagham 15-2. — ^Labor cost of painting per coat per square (100 sq. ft.) or per 

100 lineal ft. 


Labor cost per coot per square (100 sq.ft.) or per 100 lineal feet, in dollars 


Labor coal of potnflng slrticlural elciot per coai per fon,\n clollarj 
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Labor cost per double roll, in dollars 
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D1A6SAM 15-4 
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DiAGSAii 15-4.— Labor cost of paparing per doiible roIL Cost psr ^glsroll is 

Lalf of tliat per double xoIL 
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DIAGRAM 15-5 



DiAGBAii 15-5. — Materials cost of glass for glazing tvith allowances for breakage 
and with, and without au allowaiice of S1.25 per box of glass for putty. 


Malorials coil per sciuarc (lOO&q.fl.) ol glazed surface^ln dollars 
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D1A6RAM 15-5 



UiAGiJAM 15-0, — Labor cootd of ijlaangxisr ofjuaie of 100 i>g, ft- of glaz&d rnirfacs. 


Labor cost ol ijlaEing per Equat e (lOOcq 11.) ol ylazcd Burlace^in dollars 
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DIAGRAM 15-7 



Labor cobl of glazing per 100 panes^in dollars 
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DIAGRAM 16-1 



Diagram 16-1. — ^Labor costs per toa of handling and installing heavy machinery. 


Labor costs of handlihg and Installing heavy machinery per ton^ In dollars 
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OlAGIJAM 15-3 
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DIAGRAM 16-4 



Diagsah 16-i. — Costs of transporting heavy machinery bj- autotruck or by 

autotruck and trailer. 


Cosi of Iranspor+ing machinery, per Ion, in dollars 
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fixtures, SSS, 403 
outlets, 390 

rough work, 3SS, 392-402 
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for concrete walks, 15S 
Freight, 35-3S 
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Glass, 424 
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I-egal e.vpense, 465 
bumber, board-foot measure. 215 
handling, 20. 40 
metal, 270 
transporting, 40 
weights, 216 
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(Hee also Wood construction) 
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ilachinery, heavy, 430-442 
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ment) 
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Piling, bearing. lOS-115 
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steam, 340 
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plumbing, 371 
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P lannin g work, 488—500 
Plant, contractor's ownership costs, 
514-522 

depreciation, 527-530 
and equipment (construction), 
433-453 

estimating, 10, 454 
rental prices, 523-526 
Plasterboard, 310 
Plastering, 320-332 
Plumbing, 368-387 
finish, 382-386 
fixtures, 384 
rough, 369-382 

Power excavators, 22, 55, 56, 77 
Power hoists, 31 
Power shovels, 22 
Profit, estimating, 13 
and overhead, 455-463 
Progress charts, 503 
Progress reports, 503 
Pumping, 57 
Putty, 425 

Q 

Quantity, survej*, 2 
R 

Radiators, heating, 339 
Records, 503 
Registers, warm air, 353 
Reinforcement, for concrete, 142- 
150 

for pavements, 163 
Reminder list, 509-513 
Rental costs, for plant, 452 
Rental prices, for equipment, 523 
Reports, 503 

Roads and pavements of concrete, 
169-167 
Rock, 83—86 

Roofing and flashing, 287-30S 
Roofing materials, 288-299 
Rough carpenter work, 220-248 
Rough electrical work, 388, 392-402 
Rough plumbing, 369-382 


S 

Sash, steel, 271 

Schedtiles, time and work, 496 
Scrapers, 28, 73, 75 
Sequence of trades, 490 
Sheet-metal work, 299 
Sheet piling, 93-107 
Shingles, 289-291 
Shovel, power, 24 
Shoveling, 20 
Site, tdsiting, 8, 489 
Slate shingles, 291 
Social sectxrity tax, 461 
Sod, 47, 53-58 
Spikes, 218, 224 

Square-foot estimates, for buildings, 
469-479 

'‘Standard Construction ilethods," 
445 

Steam heating, 337-352 
Steel, corrugated, 268 
Steel pipe, 341, 374 
Steel sash, 271 
Stokers, coal, 346, 356 
Stone masonrj^ 180-189 
Structural steel, 260-286 
Stucco, 324 
Subcontracts, 465, 495 
Surface finish, concrete, 150-153 

T 

Tables, preparation of, 4 
Take-off, 9 
Taxes, 458, 461, 468 
Temperature controls, 346 
Thermostats, 346 
Tile masonry, 189-204 
Tile roofing, 292 
Time schedules, 496 
Trades, sequence of, 490 
Transporting and handling of mate- 
rials, 15-46 

Trench piling and bracing, 105 
Trenching, 59-63 
Trucks, 27, 28, 71 
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Unit costs, for btiildings, 478 
United States Construction Census 
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Vehicles, 27, 2S 

W 

Wagons, 28, 67 
Walks, concrete, 156-160 
Warm-air heating, 352-360 
Waterproofing, 207-211 
Wheel barro\rs, 28, 64 
Wire, copper, 393 
electrical, 393 
Wire nails, 218 
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Wisconsin compensation insurance 
rates, 532 

Wood construction, 212-259 
hea’cVj 220-232 
light, finish, 248-259 
rough, 232-248 

Wood forms, for concrete, 118-126 
Wood lath, 309 
Wood shingles, 289 
Wooden bearing piles, 108 
Wooden sheet piling, 97 
Work, on job, 502 
in main office, 501 
Work schedules, 496 
Workmen’s compensation insurance, 
461, 531 

Wrought iron pipe, 341, 374 
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Yard, for materials, 163 
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The time required for a certain item of plumbing work will vary 
considerably, depending on the particular work, the working 
conditions, and the skill and inclination of the plumber. Rough- 
ing work for plumbing fixtures may be estimated in labor-hours or 
team-hours required per fixture without going into further 
details. Labor for pipework may be more accurately estimated 
per joint instead of per 100 lin. ft. of pipe, with kind of pipe and 
diameter given. The labor per joint will include all threading, 
hanging, and connecting needed. The larger the pipe, the more 
labor-hours required. It is assumed that an adequate supply of 
nipples, unions, couplings, and other fittings are available. 

Approximate labor-hours and team-hours required for various 
kinds of rough plumbing work are given in Table 13-11. 

When estimating threaded joints, each coupling and valve 
counts as two joints, a T as three joints, etc. The labor-hours 
and team-hours given for threaded pipe joints in the table are 
based on the assumption that one pipe thread must be cut for 
each joint. When no thread needs to be cut, the time given may 
be reduced 35 to 50 per cent. Each fitting will require two joints 
on an average. 

The wages for plumbers may vary from about 81.25 to 82.25 per 
hour, with average values between 81 and 82. Wages of plumb- 
ers’ helpers may vary from about 80.65 to 81.25 per hour, and 
in any locality are approximately equal to about half the plumb- 
er’s wage. 

Diagram 13-1 (page 630) may be used for estimating the labor 
cost of pipe work and Diagram 13-2 (page 631) for the labor 
cost of rough plumbing work wRen the hourly combined wage of 
plumber and helper is known and the time required may be 
reasonably assumed. 

6. Equipment. — The equipment needed will vary vdth the 
character and size of the job. Each team may need the following : 

Pipe cutters. 

Pipe threaders. 

Vise, and frame for holding vise. 

Workbench. 

Wrenches. 

Calking tools. 

Lead-melting pot. 

Lead. 
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Job manacc-ment. 465. 5(X>-50S 

(*?£e also Construction manage- 
ment) 

Job overhead. 456 
Job planninc. 495 

L 

Labor diagrams. 6. 5-33-647 

(Sec Table of Contents fo’ 
list) 

Labor estimating, 9 
Labor planning. 491 
Land, 464 
Lathing. 309-320 
and plastering. 306-332 
Lead pipe. 374 
Legal eogjense. 465 
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